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ABSTRACT 

I n  1968 a  pre l iminary  s tudy was made, by t h e  au tho r s  of t h i s  

r e p o r t ,  t o  determine t h e  u t i l i t y  of t h e  P l i s s i s s ipp i  Test  F a c i l i t y  

from t h e  s t andpo in t  of t r a n s p o r t a t i o n  r e sea rch .  A s  a  r e s u l t  of t h a t  

s tudy  i t  was concluded t h a t  t h e  f a c i l i t y  have p o t e n t i a l s  f a r  beyond 

the  t r a n s p o r t a t i o n  r e sea rch  f a c i l i t i e s  a l r eady  e s t a b l i s h e d  i n  t h e  

United S t a t e s .  It was a l s o  concluded, a t  t h a t  t i m e ,  t h a t  t h e  poten- 

t i a l  r e sea rch  a r e a s  should be  d e l i n e a t e d ,  organized i n  an  e f f i c i e n t  

and l o g i c a l  manner, and be  presen ted  t o  i n t e r e s t e d  p a r t i e s  f o r  f u r t h e r  

cons ide ra t i on .  However, a  l o g i c a l  o rgan iza t ion  such a s  t h i s  r e q u i r e s ,  

i n  t u r n ,  a  l o g i c a l  reg imenta t ion  of r e sea rch  problems. 

FIany r e sea rch  c e n t e r s  around t h e  country have performed exce l -  

l e n t  r e sea rch  and produced very u s e f u l  r e s u l t s ,  thus  t he  ques t i on ,  

a l s o ,  a r o s e  whether a  "center"  i n  t h e  magnitude of : 4 i s s i s s ipp i  T e s t  

F a c i l i t y  would be  e f f e c t i v e  o r  n o t ,  o r  should a  f r e s h  approach be  

taken  i n  so lv ing  t h e  p r e s e n t  and f u t u r e  t r a n s p o r t a t i o n  problems. 

With t h e  above ideas  and t h e  long  range o b j e c t i v e s  of t h e  

Department of T ranspo r t a t i on  i n  mind i t  was decided t o  a t tempt  t o  

reach  t h e  o v e r a l l  goa l s  of t h e  i n i t i a l  s tudy  by us ing  a  systems 

approach. 

A thorough s tudy  of t h e  l i t e r a t u r e  showed t h a t  most s t u d i e s  

made up t o  d a t e  d i d  n o t  p r e sen t  t h e  t o t a l  system of t r a n s p o r t a t i o n  i n  

a  model where i t  could be separa ted  i n t o  components and s tud i ed  

i n d i v i d u a l l y  and then assembled i n t o  t h e  t o t a l  system f o r  a p p l i c a t i o n .  

Therefore ,  t o  achieve t h e  s t a t e d  goa l s ,  i t  was found necessary  

t o  develop a  model of t h e  t r a n s p o r t a t i o n  system. Since n e i t h e r  t h e  

vii 



t i m e  nor monies a l l o c a t e d  f o r  t h i s  p r o j e c t  would a l l o w  t h e  development 

of t h e  t o t a l  t r a n s p o r t a t i o n  sys tem,  i t  was concluded t h a t ,  i n i t i a l l y  

a model f o r  t h e  ground t r a n s p o r t a t i o n  would be  developed. 

T h i s  model can  s e r v e  m u l t i p l e  purposes  such  as it  c a n  b e  used 

t o  d e t e r m i n e  t h e  v a r i o u s  components of t h e  system, t h e  problems 

a s s o c i a t e d  w i t h  each component and t h e  r e l a t i o n s h i p  of t h e s e  problems 

w i t h  t h e  o t h e r  components of t h e  sys tem,  t h u s  p r e s e n t i n g  a map f rom 

which r e s e a r c h  a r e a s  and p r o p o s a l s  can b e  fo rmula ted  and f a c i l i t i e s  and 

p e r s o n n e l  needed can be determined.  The model, i f  v a l i d ,  c a n  a l s o  be  

used f o r  t r a n s p o r t a t i o n  sys tems p l a n n i n g  and d e s i g n .  

Th is  r e p o r t  p r e s e n t s  t h e  development of t h e  sys tem,  t h e  model 

and i t s  u s e ,  i n  a d d i t i o n  a d e s c r i p t i o n  of t h e  f a c i l i t i e s  and t h e i r  

p o t e n t i a l s  a r e  a l s o  d i s c u s s e d .  



INTRODUCTION 

1.1 An Unbalanced Effort/Results Situation 

The Transportation Department was established by the Depart- 

ment of Transportation Act of October 15, 1966. It "was created 

for the purpose of developing national transportation policies and 

programs conducive to the provision of fast, safe, efficient, and 

convenient transportation at the lowest cost consistent therewith."* 

Transportation requirements and problems have attracted an impres- 

sive level and scope of interest across the nation. Huge sums are 

spent annually on transportation research, For example, the esti- 

mated cost of federal-aid highway research and development studies 

in progress as of July 1, 1969 was $36,777,000.** The question is 

why, with so much effort being put forth, has relatively little 

progress been made toward problem solution? There are, of course, 

several possible reasons. .One basic cause may be due to an 

unconscious omission of the study of structure in the application 

of a time-tested research strategy. 

1.2 An Unconscious Omission--The Study of Structure 

Transportation research, along with many other areas of 

science has long been under the strong influence of the doctrine 

that the best scientific research strategy is first to discover 

* (Washington, D. 6.: 
G . P . O . ,  1 9 6 9 ) ,  p .  376.  

** (Washington, D. C. : 
G . P . O . ,  



t h e  most b a s i c ,  i . e . ,  comparatively microscopic,  s e t  of r e l a t i o n s ,  

and once the  discovery is  made, then  t o  s e t  f o r t h  cons t ruc t ing  

l e s s  elementary, i .e.,  comparatively macroscopic (and t h e r e f o r e  

gene ra l ly  more complex) r e l a t i o n s  from t h e  b a s i c  r e l a t i o n s .  This  

s t r a t e g y  has met wi th  amazing success  i n  phys i ca l  sc iences  such 

a s  physics  and chemistry b u t  wi th  r e l a t i v e l y  l imi t ed  success  i n  

t h e  f i e l d  of t r a n s p o r t a t i o n .  

It is  proposed t h a t  one b a s i c  cause may be due t o  an  omission 

i n  t h e  a p p l i c a t i o n  of t h e  r e sea rch  s t r a t e g y  r a t h e r  than an e r r o r  

i n  t h e  s t r a t e g y  i t s e l f .  Consider t h e  chemist asked t o  e x p l a i n  t h e  

behavior  of a given compound. It is n o t  s u r p r i s i n g  t h a t  t h e  chemist ,  

as a  f i r s t  s t e p ,  begins t o  break down t h e  compound i n t o  i t s  com- 

ponent p a r t s .  It is  no t  s u r p r i s i n g  because i t  i s  a  foregone con- 

c l u s i o n  t h a t  he w i l l  t r y  t o  e x p l a i n  the  behavior  of t he  compound 

i n  terms of t h e  p r o p e r t i e s  of i ts  elementary p a r t s .  

Now cons ider  t h e  r e sea rche r  asked t o  exp la in  some p a r t i c u l a r  

a spec t  of t r a n s p o r t a t i o n .  Again, i t  is n o t  s u r p r i s i n g  t h a t  he  

i d e n t i f i e s  t h e  component p a r t s ,  s t u d i e s  them, and then a t tempts  

t o  exp la in  t h e  behavior  of t h e  aggrega te  i n  terms of t he  behavior  

of t h e  component p a r t s .  

The procedures seem t o  be t h e  same bu t  t h e r e  i s  a  d i f f e r e n c e .  - 
The chemist is r equ i r ed ,  because of a d i f f e r e n c e  i n  observa t ion  

p o i n t s ,  t o  s tudy  the  s t r u c t u r e *  of h i s  compound while  t h e  t r ans -  

p o r t a t i o n  r e sea rche r  is  not  r equ i r ed  t o  s tudy  t h e  s t r u c t u r e  of t h e  

t r a n s p o r t a t i ~ n  system and consequent ly does n o t ,  

"Knowledge of s t r u c t u r e  impl ies  knowledge of t he  r e l a t i o n s h i p s  
between components and t h e i r  r e l a t i o n  t o  t h e  whole. 



Frob t h e  chemis t ' s  obbservation p o i n t  ( see  Pigure 1) , he can 

view t h e  macroscopic system under s tudy ,  The i d e n t i f i c a t i o n  of 

t h e  component p a r t s  of t h e  compound n e c e s s i t a t e s  a d e t a i l e d  break- 

down and a n a l y s i s  of compound s t r u c t u r e .  On t h e  o t h e r  hand, t h e  

'stem under study 

Chemist 

Fig. 1. The chemist's observation point. 

t r a n s p o r t a t i o n  r e sea rche r ,  due t o  h i s  obse rva t ion  p o i n t  ( s ee  P igure  

2 ) ,  i s  a b l e  t o  observe t h e  component p a r t s  (automobiles,  highways, 

Fig. 2. The transportation researcher's observatioii point. 

e t c . )  d i r e c t l y ,  The s tudy  of s t r u c t u r e  is no t  necssary  t o  i d e n t i f y  

t h e  component p a s t s  and i s  t h e r e f o r e  u s u a l l y  omit ted.  

There is  no way t o  prove t!iat t h e  amazing success  of t h e  

physical. s c i ences  i n  going from t h e  microscopic  t o  t h e  macroscopic i 



i s  due t o  t he  s tudy of s t r u c t u r e .  The impl ica t ion  i s  s t r o n g ,  

however, s i n c e  t h e  s tudy of s t r u c t u r e  i n  t h e  phys i ca l  s c i ences  

o r  l a c k  of i t  i n  t h e  t r a n s p o r t a t i o n  f i e l d  seems t o  be t h e  

only real d i f f e r e n c e  i n  t h e  two research  e f f o r t s .  There i s  simply 

no law t h a t  ensures  t h a t  once an  understanding of t h e  component 

p a r t s  of a  system is acqui red  t h a t  an  understanding of t h e  aggre- 

g a t e  w i l l  follow. 

1 .3  Purpose of t h e  Study 

The purpose of t h i s  s tudy  is t o  provide a gene ra l  conceptual  

framework f o r  t he  t r a n s p o r t a t i o n  system which would r e l a t e  t h e  var- 

i ous  components of t h e  system t o  a  l o g i c a l  whole. (This is ,  i n  

e f f e c t ,  determining t h e  b a s i c  s t r u c t u r e  of t h e  system.) The frame- 

work should al low those concerned wi th  t r a n s p o r t a t i o n  not  on ly  t o  

view t h e  system as a whole, b u t  a l s o  t o  view a t  t h e  same time each 

component w i t h  r e f e rence  t o  t h e  whole and wi th  r e f e rence  t o  man. 

The e f f o r t s  w i l l  be d i r e c t e d  p r imar i ly  along t h e  l i n e s  of 

cogn i t i on  wi th in  a  gene ra l  systems approach. 



THE SYSTEMS APPROACH 

"The needs of our  a c t u a l  l i f e  a r e  so impera t ive ,  t h a t  
t h e  sense  of v i s i o n  becomes h ighly  s p e c i a l i z e d  i n  t h e i r  
s e r v i c e .  With a n  admirable economy w e  s e e  only so much a s  
is  needful  f o r  ou r  purposes; bu t  t h i s  is  i n  f a c t  very  l i t-  
t le ,  j u s t  enough t o  recognize  and i d e n t i f y  each o b j e c t  o r  
person; t h a t  done they go i n t o  our  mental ca ta logue  and 
are no more r e a l l y  seen. I n  a c t u a l  l i f e  t h e  normal person 
r e a l l y  only reads  t h e  l a b e l s  a s  i t  w e r e  on t h e  o b j e c t  
around him and t r o u b l e s  no f u r t h e r .  Almost a l l  t h e  th ings  
which a r e  u s e f u l  i n  any way pu t  on more o r  l e s s  t h i s  cap 
of i n v i s i b i l i t y  ."* 

--Roger Fry, 1866-1934 

The systems approach is  no t  new. It is  simply t h e  name given 

t o  t h e  th inking  process  t h a t  a t tempts  t o  throw away t h e  "cap of inv i -  

s i b i l i t y "  and t o  see th ings  wi th  r e f e rence  t o  t h e  whole and wi th  

r e f e rence  t o  man. A r i s t o t l e  warned h i s  s t u d e n t s  about  how they 

might f a l l  i n t o  l o g i c a l  t r a p s  when confronted by va r ious  types of 

soph i s t ry .  Thomas Hobbes i n  t h e  Leviathan, 1651, warned a g a i n s t  in- 

c o r r e c t  d e f i n i t i o n s  a s  s t a r t i n g  po in t s :  

"...For t h e  e r r o u r s  of Def in i t i ons  mul t ip ly  themselves, 
according as t h e  recokoning proceeds; and l ead  men i n t o  
a b s u r b i t i e s ,  which a t  l a s t  they see ,  b u t  cannot avoyd, 
without  reckoning anew from t h e  beginning; i n  which 
l y e s  t h e  foundat ion of t h e i r  errours."** 

I n  a more r ecen t  book e n t i t l e d  The Systems Approach, Churchman (I)*** 

w r i t e s :  

*As  quoted by Ralph Borsodi i n  The Def in i t i on  of D e f i n i t i o n  
(Boston: Po r t e r  Sargent ,  L967), p ,  4 .  

**Ibid., unnumbered page oppos i te  page 1. 

***Numbers i n  parentheses  r e f e r  t o  r e f e rences  given i n  t h e  
bibl iography.  



"We ought nor: t o  approach t h e  world b l i n d l y ,  l e t t i n g  
our  observa t ions  and what o t h e r  people t e l l  us  be the  
b a s i s  of our  d e s c r i p t i o n .  We shouldn ' t  say t h a t  t h e  
world is made up of problems l i k e  poverty,  h e a l t h ,  
educat ion,  and s o  on simply because t h e s e  a r e  t h e  pro- 
blems t h a t  everybody is t a l k i n g  about .  We ought t o  
a sk  ourse lves  a t  t h e  very o u t s e t  how t o  t h i n k  about 
a l a r g e  system, and our  manner of th inking  w i l l  d ic-  
t a t e  how we w i l l  d e sc r ibe  t h e  system. There a r e  ways 
of descr ib ing  systems t h a t  would n o t  occur t o  most 
people who tend  t o  look a t  t h e  world i n  one way, 
namely, t he  way t h a t  is  most f ami l a r  t o  them. The 
systems approach w i l l  have t o  d i s t u r b  t y p i c a l  mental 
processes  and sugges t  some r a d i c a l  approaches t o  think- 
ing.  It may i n  f a c t  b e  a l r eady  q u i t e  r a d i c a l  f o r  some- 
body t o  th ink  f i r s t  of a l l  about t h e  o v e r a l l  o b j e c t i v e  
and then  t o  begin  t o  desc r ibe  t h e  system i n  terms of 
t h i s  o v e r a l l  o b j e c t i v e .  

"For example, i f  I a s k  you t o  desc r ibe  an  auto- 
mobile,  you may immediately switch o f f  your th inking  
process  and simply b l u r t  o u t  t h e  th ings  you r e c a l l  
about  your own automobile--its wheels,  engine,  and 
shape. You s t a r t  by saying,  'wel l ,  a n  automobile is  
something t h a t  has  f o u r  wheels and is  dr iven  by an 
engine. '  I ( i n  an  a t tempt  t o  swi tch  on your th inking  
process)  a sk  whether a three-wheel automobile is  a 
p o s s i b i l i t y .  You have seen  one and w i l l  r e a d i l y  admit 
t h i s  change i n  your d e s c r i p t i o n ,  s t i l l  wi thout  think- 
i ng  much about  t h e  meaning of t h e  change. I ,  becoming 
more b e l l i g e r e n t . ,  pursue t h e  ma t t e r  f u r t h e r  and ask  
you whether a two-wheeled automobile is  a p o s s i b i l i t y .  
You begin t o  look puzzled,  thus  i n d i c a t i n g  t h a t  your 
th inking  has been turned on a t  a low vo l t age .  I go 
on, being c h e e r f u l l y  d i sag reeab le ,  and a sk  you whether 
an automobile wi thout  any wheels whatsoever is a l s o  a 
p o s s i b i l i t y ,  You become more puzzled and t h i n k  not  
about automobiles bu t  about  s i l l y  ques t ion  posers .  
Yet t o  c ~ n s i d e r  t h e  wheel less  automobile is a c r e a t i v e  
way of looking a t  t h i s  system we c a l l  t h e  automobile.  
It may be t h a t  t h e  need f o r  wheels is one of t h e  major 
producers of t r a f f i c  congest ion and t h e  inconvenience 
of t h e  c u r r e n t  automobile.  An automobile t h a t  can 
f l o a t  a few f e e t  o f f  t h e  s u r f a c e  of t h e  e a r t h  might 
provide a f a r  more comfortable r i d e  and produce f a r  
fewer problems of t r a f f i c  congest ion and even of 
acc iden t s .  And f l o a t i n g  automobiles may be  techrti- 
c a l l y  f e a s i b l e  I n  t h e  f u t u r e ,  

"The way $0 descr ibe  an autornobilie is  f i r s t  by 
P 

th inking  absu t  what i t  i s  f o r ,  about its func t ion ,  
and not  t he  l i s t  of i tems t h a t  make up i ts  s t r u c t u r e ,  
I f  you begin by th inking  about t h e  func t ion  of the  



automobile,  t h a t  is ,  what i t  i s  f o r ,  then you won't des= 
c r i b e  t h e  automobile by t a l k i n g  about  i ts  four  wheels,  
i t s  engine ,  s i z e ,  and so  on. You w i l l  begin by th inking  
t h a t  a n  automobile is  a  mechanical means of t r a n s p o r t i n g  
a few people from one p l ace  t o  ano the r ,  a t  c e r t a i n  pre- 
s c r i b e d  c o s t .  A s  soon a s  you begin  t o  t h i n k  i n  t h i s  
manner, then  your ' d e s c r i p t i o n 1  of t h e  automobile begins  
t o  t ake  on new and o f t e n  q u i t e  r a d i c a l  a spec t s .  Tha t ' s  
t h e  systems approach t o  automotive t ranspor ta t ion ."*  

There is  of course ,  more t o  applying t h e  systems approach t o  t r ans -  

p o r t a t i o n  than  is  revea led  by Churchman's example. t i i s  comments do 

i l l u s t r a t e ,  however, t h e  "free" th inking  process  requi red .  

I n  applying t h e  systems approach t o  t r a n s p o r t a t i o n ,  i t  i s  neces- 

s a r y  t o  f i r s t  heed Hobbes1 warning and e s t a b l i s h  a  s o l i d  base  i n  

d e f i n i t i o n s .  What is  a  problem? What i s  t h e  t r a n s p o r t a t i o n  problem? - 
hihat i s  a  system? What is t h e  t r a n s p o r t a t i o n  system? The remaining 

p a r t  of t h i s  chap te r  w i l l  be  concerned wi th  answering these  ques t ions .  

2 .2  A Problem 

D r .  P e l 1  was want t o  s ay  t h a t  i n  t h e  So lu t ion  of Ques- 
t i o n s ,  t h e  Maine Plat ter  was t h e  we l l - s t a t i ng  of them; 
which r e q u i r e s  mother-witt & Logick. ... f o r  Let t he  ques- 
t i o n  be  bu t  w e l l  s t a t e d . , , . i t  w i l l  work almost of it- 
s e l f :  a s  f o r  example', t h e  most D i f f i c u l t  Problem, 
being thus  s t a t e d ;  t h e  working of i t  become very  easie.** 

--John Aubrey, 1626-1697 

A problem can be  def ined  a s  a  s i t u a t i o n  i n  which t h e r e  a r e  two 

s t a t e s :  One i s  cha rac t e r i zed  by t h e  p re sen t  s t a t e ,  t h e  o t h e r  by a  

proposed s t a t e .  The p r e s e n t  s t a t e  i s  exemplif ied by t h e  e x i s t i n g  

system; the  proposed s t a t e  is  exemplif ied by the  system t h a t  is  

hypothesized (des i r ed )  o r  proposed. I n  both s t a t e s ,  t h e r e  is  a  s e t  

W e  West Churchman, (New York: Delacor te  
P re s s ,  1968) pp. 12-13. 

**As quoted by Ralph Borsodi i n  t h e  D e f i n i t i o n  of D e f i n i t i o n  
(Boston: P o r t e r  Sargent ,  1967),  p.  E .  



of objects, a t t r i b u t e s ,  and r e l a t i o n s h i p s  interlocked i n  a  process ,  

Each s t a t e  may be considered a  system. 

The p re sen t  s t a t e  ( e x i s t i n g  system), as i n  a l l  o t h e r  systems, 

may con ta in  both knowns and unknowns; t h a t  i s ,  t h e  ex i s t ence  of a n  

unknown may n o t  hamper t h e  a b i l i t y  of a system t o  func t ion .  The 

e x i s t i n g  system may be  r a t i o n a l  b u t  incapable of meeting a  r e s t r i e -  

t i o n .  Thus, system performance a lone  is  no t  t h e  u l t ima te  c r i t e r i o n  

of exce l lence ,  s i n c e  some i d e a l l y  performing systems (from a  techno- 

l o g i c a l  s t andpo in t )  may no t  meet ob jec t ives .  Objec t ives  a r e  def in-  

a b l e  only i n  t e r n s  of systems requirements.  

Systems requirements a r e  t h e  means of f i x i n g  unambiguous s t a t e -  

ments of ob jec t ive .  Since systems requirements a r e  s t a t e d  i n  terms 

of o b j e c t s ,  a t t r i b u t e s ,  and r e l a t i o n s h i p s ,  o b j e c t i v e s  may be iden- 

t i f i e d  i n  terms of a d e s i r e d  s t a t e .  The o b j e c t i v e  and t h e  des i r ed  

s t a t e  f o r  a  g iven  set of systems requirements may be one and the  

same. 

The d i f f e r e n c e  between e x i s t i n g  and des i r ed  systems c r e a t e s  h a t  

is  loose ly  i d e n t i f i e d  as a  problem. Thus, formulat ion of a problem 

involves i d e n t i f i c a t i o n  of both t h e  e x i s t i n g  s t a t e  and the  d e s i r e d  

s t a t e  and then  recognizing t h e  d i f f e r e n c e  between t h e  two. 

Successful  formulat ion of a  problem is  tantamount t o  " p a r t i a l l y  

solving" t h e  problem. For t h i s  reason,  t h e  a n a l y s t  p laces  emphasis 

on the  e a r l y  a p p r a i s a l  of parameters ,  p r o p e r t i e s ,  and r e l a t i o n s h i p s  of 

a  g iven  problem. It is  no t  always p o s s i b l e  t o  b r ing  t o  a  problem a  

"ready-made" o b j e c t i v e ,  f o r  example, t h e  o b j e c t i v e  expressed may 

prove i n s u f f i c i e n t .  " P a r t i a l l y  solving" problems does not  mean that. 

t h e  problem i s  t r u l y  so lved ,  bu t  t h a t  t h e  fundamental elements of t he  



problem a r e  proper ly  i d e n t i f i e d  and r e l a t e d .  

The f a m u l a t i o n  of a problem is  a l s o  c a l l e d  its d e f i n i t i o n .  

The goa l  is  t o  s t a t e  t h e  na tu re  of t h e  problem i n  terms t h a t  a r e  known, 

as opposed t o  terms t h a t  a r e  unknown, For example, cons ider  t h e  

problem: The t r a n s p o r t a t i o n  system is too expensive. The ana lys t  

must f i r s t  examine each f a c e t  of t he  problem statement  t o  determine 

t h e  p a r t s  of t h e  problem t h a t  a r e  known and t h e  p a r t s  t h a t  a r e  un- 

known. The term " t r anspor t a t ion  system" means d i f f e r e n t  t h ings  t o  

d i f f e r e n t  people: To a mass t r a n s i t  u s e r ,  t h e  t r a n s p o r t a t i o n  system 

may - be t h e  subway system; t o  t h e  c i t y  p lanner ,  t h e  term has a much 

broader  meaning. Likewise, "too expensive" is  a l s o  ambiguous. Too 

expensive f o r  whom, t h e  u s e r  o r  t h e  s t a t e ?  Unless t he  t e r n s  a r e  

known, t h e  problem s o l v e r ' s  t a s k  may be  made more complex by the  

s ta tement  of t h e  problem. 

Problem s ta tements  should a l s o  be f r e e  of b u i l t - i n  p o t e n t i a l  

s o l u t i o n s .  FOP example: An admin i s t r a to r  may a sk  how many r o u t e s  

must be d iscont inued  t o  reduce mass t r a n s i t  c o s t  by one-half.  The 

goa l  of reducing mass t r a n s i t  c o s t  by one-half may be accomplished i n  

s e v e r a l  ways. Some combination of changes i n  equipment, personnel  

and r o u t e s  may be more advantageous than  t h e  b u i l t - i n  s o l u t i o n  of a 

reduct ion  of rou te s .  

Problems can be c l a s s i f i e d  a s  e i t h e r  "s t ruc turedi '  o r  "ill- 

s t ruc tu red . "  Problems of long range,  problems whose s o l u t i o n s  depend 

upon hardware a s  y e t  undeveloped, and problems t h a t  hypothesize t h e  

in teg ra t ion  of systems as y e t  unden t i f i ab l e  i n  t h e  e x i s t i n g  scene a r e  

i l l - s t r u c t u r e d ,  I l l - s t r u c t u r e d  problems a r e  gene ra l ly  "solved" by 

pos tu l a t ing  r e l a t i v e  va lues  r a t h e r  than  abso lu t e  va lues ,  



When a n  i l l - s t r u c t u r e d  problem is  r e c o g n i z e d ,  a  p r e l i m i n a r y  s t u d y  

e f f o r t  may be r e q u i r e d .  By s t a r t i n g  a  complex problem a n a l y s i s  w i t h  

a  p r e l i m i n a r y  s t u d y ,  a n a t u r a l ,  conven ien t  s t o p p i n g  p l a c e  a t  which t o  

a s s e s s  t h e  p o s i t i o n  is  prov ided .  A p r e l i m i n a r y  s t u d y  t o  d e f i n e  t h e  

problem may p r o v i d e  a middle  ground t o  which a l l  p a r t i e s  t o  a d i s p u t e  

may a g r e e .  I n  any c a s e ,  t h e  i n i t i a l  s t e p  i n  problem a n a l y s i s  is t o  

f o r m u l a t e  t h e  problem. 

2 .3  A System 

&fake f o r  t h y s e l f  a  d e f i n i t i o n  o r  d e s c r i p t i o n  of t h e  
t h i n g  which is p r e s e n t e d  t o  t h e e ,  s o  as t o  s e e  d i s t i n c t l y  
what k i n d  of t h i n g  it i s  i n  i t s  s u b s t a n c e ,  i n  i t s  n u d i t y ,  
i n  i t s  complete  e n t i r i t y ,  and t e l l  t h y s e l f  i t s  p r o p e r  name, 
and t h e  names of t h e  t h i n g s  o f  which i t  i s  compounded, and 
u n t o  which i t  w i l l  be  r e s o l v e d .  For n o t h i n g  is  s o  produc- 
t i v e  of e l e v a t i o n  of mind as t o  be  a b l e  t o  examine methodi- 
c a l l y  and t r u l y  every  o b j e c t  which is  p r e s e n t e d  t o  t h e e  i n  
l i f e ,  and always t o  l o o k  a t  t h i n g s  s o  as t o  s e e  a t  t h e  sane 
t ime what k i n d  of u n i v e r s e  t h i s  is ,  and what k ind of use  
e v e r y t h i n g  h a s  w i t h  r e f e r e n c e  t o  t h e  whole,  and what w i t h  
r e f e r e n c e  t o  man.* 

--Marcus A u r e l i u s  , 121-180 

The word "systemt '  has  been d e f i n e d  i n  many d i f f e r e n t  ways. The 

d e f i n i t i o n  fo rmula ted  by H a l l  and Fagen (2) seems t o  be t h e  most 

complete  and u s e f u l  t o  d a t e .  It is  p r e s e n t e d  below: 

I I 

between t h e  o b j e c t s  and between t h e i r  a t t r i b u t e s . " * *  

I n  o r d e r  t o  reduce t h e  vagueness i n h e r e n t  i n  t h e  d e f i n i t i o n ,  t h e  

terms , and a t t r i b u t e s  w i l l  be cons idered  

s e p a r a t e l y .  

*As quoted by Ralph Borsodi  i n  The D e f i n i t i ~ n  of D e f i n i t i o n  
(Boston: Porker  S a r g e n t ,  19671, p .  3 .  

$<*A. 1). H a l l  and K. E. Fagen, "1 )e f in i t ion  of System," Genera l  
Yearbook, I (1956) p .  18.  



Objec ts  a r e  t he  p a r t s  o r  components of a  system, The v a r i e t y  sf 

t h e s e  p a r t s  is  unl imited.  I G s t  systems c o n s i s t  of phys i ca l  p a r t s :  

atoms, s t a r s ,  switches,  masses, s p r i n g s ,  wi res ,  e t c .  Abs t rac t  

o b j e c t s  such a s  mathematical v a r i a b l e s ,  equat ions ,  r u l e s  and laws, 

processes ,  e t c . ,  may a l s o  be  considered o b j e c t s  of a  system, 

A t t r i b u t e s  

A t t r i b u t e s  a r e  p r o p e r t i e s  of o b j e c t s .  For example, t h e  o b j e c t s  

l i s t e d  i n  t h e  preceeding s e c t i o n  have among o t h e r s ,  t he  fol lowing 

a t t r i b u t e s :  

Atoms - The number of p l ane t a ry  e l e c t r o n s ,  t h e  energy s t a t e s  of 
t h e  atoms, t h e  number of atomic p a r t i c l e s  i n  t h e  nuc- 
l e u s ,  t h e  atomic weight 

S t a r s  - temperature,  d i s t a n c e s  from o t h e r  stars, r e l a t i v e  velo- 
c i t y  

Switches - speed of ope ra t ion ,  s t a t e  

$lasses - displacement,  moments of i n e r t i a ,  momentum, v e l o c i t y ,  
kinematic energy, mass 

Springs - spr ing  t ens ion ,  displacement 

Wires - t e n s i l e  s t r e n g t h ,  e l e c t r i c a l  r e s i s t a n c e ,  diameter  
l eng th  

The r e l a t i o n s h i p s  a r e  what " t ie  t h e  system together ."  It is,  i n  

f a c t ,  t he se  r e l a t i o n s h i p s  t h a t  make t h e  no t ion  of "system" use fu l .  

For any given set of o b j e c t s  i t  i s  impossible  t o  say t h a t  no 

i n t e r r e l a t i o n s h i p s  e x i s t  s i n c e ,  f o r  example, one could always cons ider  

as r e l a t i o n s h i p s  the  d i s t a n c e s  b e a ~ e e n  p a i r s  s f  the  ob jec t s ,  Relation- 

s k i p s  t o  be considered i n  t h e  context  of a  given s e t  of ob jec t s  depend 

on t h e  problem a t  hand, important  o r  i n t e r e s t i n g  r e l a t i o n s h i p s  being 

inc luded ,  t r i v i a l  o r  u n e s s e n t i a l  r e l a t i o n s h i p s  excluded, 



9 . 4  -. 
F i r s t ,  suppose t h e  p a r t s  a r e  a sp r ing ,  a  mass, and a  s o l i d  c e i l -  

ing.  Without t h e  obvious connect ions,  t h e s e  components a r e  un re l a t ed  

(except f o r  some l o g i c a l  r e l a t i o n s h i p s  t h a t  might be thought o f ,  such 

a s  being i n  t h e  same room, e t c . ) .  But hang t h e  sp r ing  from t h e  c e i l -  

i ng  and a t t a c h  t h e  mass t o  i t  and t h e  r e l a t i o n s h i p s  (of phys i ca l  

connectedness) thus  introduced g ive  rise t o  a more i n t e r e s t i n g  system. 

I n  p a r t i c u l a r ,  new r e l a t i o n s h i p s  a r e  introduced between c e r t a i n  a t t r i -  

b u t e s  of t h e  p a r t s  a s  w e l l .  The l eng th  of t h e  sp r ing ,  t he  d i s t a n c e  of 

t he  mass from t h e  c e i l i n g ,  t h e  s p r i n g  t e n s i o n  and t h e  s i z e  of t h e  mass 

a r e  a l l  r e l a t e d .  The system s o  determined is s t a t i c ;  t h a t  is t h e  

a t t r i b u t e s  do not  change wi th  t ime. Given an  i n i t i a l  displacement 

from its r e s t  p o s i t i o n  however, t h e  mass w i l l  have a  c e r t a i n  v e l o c i t y  

depending on t h e  s i z e  of t h e  mass and t h e  sp r ing  tens ion;  i ts  p o s i t i o n  

changes wi th  t ime, and i n  t h i s  c a s e  t h e  system is dynamic. 

2.5 Def in i t i on  of Environment 

H a l l  and Fagen (2) a l s o  provide  a u s e f u l  d e f i n i t i o n  of environ- 

ment. They d e f i n e  environment i n  a manner q u i t e  similar t o  t h a t  used 

t o  d e f i n e  system, 

t t 

o b j e c t s  a  change i n  whose a t t r i b u t e s  a f f e c t  t he  system 

The s tatement  i n v i t e s  t he  n a t u r a l  ques t ion  of when an o b j e c t  belongs 

t o  a system and when i t  belongs t o  t h e  environment; f o r  i f  a n  o b j e c t  

*A. D. H a l l  and R. E. Fagen, "Def in i t ion  of System," General 
Systems Yearbook, 1 (1956) p .  20. 
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reacts with a system in the way described above should it not be 

considered a part of the system? The answer is by no means definite. 

In a sense, a system together with its environment makes up the uni- 

verse of all things of interest in a given context. Subdivision of 

this universe into two sets, system and environment, can be done in 

many ways which are in fact quite arbitrary. Ultimately it depends on 

the intentions of the one who is studying the particular universe as 

to which of the possible configurations of objects is to be taken as 

the system, 

2.6 Defining a Particular System 

In order to define completely a particular system, it is neces- 

sary to identify the objects that make up the system, and to delin- 

eate their attributes and the relationships between objects and 

between attributes of particular objects. Complex systems, 

such as socio-economic systems, which are made up of a large number 

of parts with complex relationships, may never be completely defined 

in this sense. The degree .to which the definition is carried depends 

upon the benefits to be derived. It may be enough to simply identify 

the objects of one system while it may prove beneficial to formulate 

complex mathematical models of the relationships of another. Regard- 

less of the degree to which the definitions may eventually be 

carried, the first step in defining any one particular system 

is the identification of the objects of which it is composed. 

2.7 

Formulating the transportation problem along the guidelines set 

down in Section 2.2 involves the identifisation of both the existing 

state and a desired state of the transportation system. Using blocks 



t o  wcprevent t h e s e  two s t a t e s ,  t h c  s i t u a t i o n  can b e  d c p i c ~ e d  a s  

DESIRf D 

SYSTEM 

Fig. 3. TI-le present  stafe ond a desired state 
of f i le Orarispori'afion sysiem. 

The b l o c k  lal?c.l.cd "PXESE>TT SYS'J'El-1" r c p r e s c n  ts t h e  t r a n s p o r  t:a t ioi!  

syste1,i a t  tllc current p o i n t  i n  tilile. Its conplc t -e  d e s c r i p t i o n  (c i : iC i -  

n i t i o n )  would i ilvoI.ve t h e  i d e n t i f i c a t i o n  oE e l e a e n t s ,  t h e i r  a t  t r j  bu ~ e s ,  

and t h c  c o n n e c t i n g  rc l .a t : io i~s i i ips  i n  t h e  s e n s e  d i s c u s s e d  i n  S c c t i o n  2 . 6 .  

The b l o c k  l a h c l e d  "ij1::STl:F;ij SYSTE:I" r e p r e s e n t s  a " b c r t c r "  s y s ' c e m  t h a n  

the  p r e s e n t  sys tem.  Tile most d e s i r a b l e  t r a n s p o r t a t i o n  systclil v73'.1.1. b e  

c a l l e d  t:he "IDEAL SYS'IIEL:". Tire i d e a l  sys tem Inay be d c s c r i b c d  on1.y 5.11 

g e n e r a l ,  t l l o n ~ h  absolute. t c r ~ i l s ,  a c c o r d i n g  t o  c u r r c n t  iclenl:; i.r, t r ans - -  

p o r t a t i o n .  It may Le d e s c r i b e d  as the l e a s t  expensive, s a f e s t ,  niost 

conveni.ent ,  e t c .  T h i s  i d e a l  sys tem is c o n s i d e r e d  t o  be  a t  t h e  er\2 of 

a I.ciig p r o g r e s s i o n  of "more dcsirab1.e" systelns (see Fi.gurc 11) stcni:iii..11; 

f r o v ~  t.112 p r e s e n t  systc?.m, 

T h i s  a l l o w s  thc? tra11sport:ation systc-iil t o  br! vie1:cd a s  a l a i - ~ e  

evol.v;.l~;; syntcin, \..:ilci~c.:rer t h e r e  i s  a cherige i n  aily of tllc nlajor coi7- 

p o n e l ~ t s  of tlic s:ls'icm, t l ie  s;?stciil evo1.vcs t o  a new st.a"i. Thc --- staf:t: - 

of ti1.- sys tem a t  a g iven  nl~~r.!enl: i s  no\.? d e f i n e d  a s  ~ 1 1 c  t o t a l .  s c t  of 

~neasura.bl.e c l i a r a c c e r i s t j . c s  tl.i,?t t11c systcrn exllibi!:s a t  th;it  r n o i i l ~ ~ ~ t .  
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I 
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PRESEIJT dcsirablc stafo 

I SYSTEM ( 
Fig. 4. T h e  progression of  s l e ! l : . s  tcwc~rcl the ideal stat(?. 

Each s t a t e  can b e  cons id t . r ed  a s e p a r a t e  syste;a.  The p r e s e n t  t r a n s -  

p o r t a t i o n  sys tem is c o n s i d e r e d  t o  have evolvcd from a f e e b l e  horsc -  

and-buggy beg inn ing .  The system i s  c o n s t a n t l y  changing and it i s  

assumed t h a t  each na.7 s t a t e  ~ ~ r i . 1 1  b e  c l o s e r  t o  t h e  i d e a l  s t a t e  al.t:lough 

t h e r e  is  no a s s u r a n c e ,  a t  p r e s e n t ,  aga ins t  a "bacl<i;ard:' c v o l r t t i o n ~ r y  

change (a change t o  a less d e s i r a b l e  s t a t e ) .  T h i s  concep t  of t h e  

t r a n s p o r t a t i o n  sys tem (see F i g u r e  5) p r o v i d e s  a p e r s p e c t i v e  from which 

a l l  p a s t  and  p r e s e n t  '!occurrences" i n  t r a n s p o r t a t i o n  can b e  viewed,  

a n a l y z e d ,  and e x y l a i n c d ,  

2 . 8  Statcrrient of the - T r a n s p o r t a t i o n  - Prob3.er!i -.-.- 

The above c o n c e p t  of t h e  t r a i l s p o r t a t i o n  sys tem a l l o ~ r s  f o r  a 

r e l a t i v e l y  slril'ple s t a t e m e n t  of t h e  ge i l e rn l  p~:otl.er;~: 

I n  o t h e r  words ,  t i le  p r e s e n t  sys tem and t h e  i t l c a l  sys tem a r c  n o t  one  

and t h e  s21ce. T h e  st:ateir,ent i s  f r e e  of  b u i l t - i n  p o ~ c n t i n l  s o l u t i o n s  

and s o  mecI:s one of t h e  - r e q ~ l i r c n e u t s  of Scctj-on 2 . 2 .  l!o~aevcr, i t  i s  

n o t  f r e e  of u n k o n ~ m s .  Nej.t:hcr t h e  p r e s e n t  s t a t e  n o r  the ideal .  s t a t e  

have bccn d e f i ~ l c d  t o  a u s e f u l .  d c g ~ c e .  ----- ---.. 
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DEFINING THE TRANSPORTATION SYSTEkI 

3.1 A Starting Point 

The first step in defining any system is the identification of 

its elements. It has been recognized that the various elements 

employed to produce transportation often display marked similarity. 

Statements of general groupings of elements along functional guide- 

lines have appeared occasionally in the literature. As early as 

1870, in an article entitled "The Science of Transportation", Potts 

(3) proposed two general groupings, way facilities and vehicles. Way 

facilities included links, intersections of routes, and terminals. 

Vehicles included locomotives, freight cars, etc. reflecting the im- 

portance of rail transportation to that era. 

In 1894 Cooley (4) wrote on "The Theory of Transportation" in 

which he divided a modal system into a number of elements--the way 

facilities, vehicles, and motive force. It is interesting to note 

that like Potts, he makes no mention of any control system, appar- 

ently indicating the infantile state of transportation. 

Elore recent statements as to the elements of a transportation 

system include those by Hay (5), tknheim ( 6 ) ,  and bforlok (7). 

The elements proposed by Hay and Iorlok are essentially the same, 

being: (a) the way links, (b) the way interchanges (or intersec- 

tions), (c) the terminals, (d) the vehicles, and (e) the control 

system. Planheim's elements are, (a) the persons and things being 

transported, (b) the vehicles in which they are conveyed, and (c) 

the networks through which the vehicles move. 



~ l b  of the authors mentioned above proposed general groupings 

of elements as part of their definition of the transportation system. 

Their primary purpose was to define the transportation system from 

a semantics standpoint. Manheim realized that definitions of this 

type have "several important implications for analysis" but, by his 

own words, his purpose in naming the elements was "to establish what 

we mean by a transportation system." Although semantics is impor- 

tant, and it will be discussed further in this report, whenever 

elements are identified for the express purpose of defining the 

system, there are certain "finality" implications, The underlying 

purpose in formulating a definition of the transportation system 

should be to provide a starting point for problem solution. Thus, 

future utility must be considered paramount in the identification 

of elements. 

3.2 The Trip Concept 

Efforts to avoid the "finality" trap led to the formulation of 

the "trip concept."* In much the same way that an atom can be con- 

sidered the basic building block of matter, a "trip" will be consi- 

dered the basic building block of the transportation system. 

e 

The general groupings of elements are: 

1. ORIGIN - The location of the object to be transported at the 
beginning of the trip. 

2 .  OBJECT-TO-BE-TM1SPORTED - The person ~r thing t o  be trans- 
por t ed ,  

*The Trip Concept, and its relation to the system as a whole, 
will be discussed in more detail in Chapter VI. 



3 .  CONVFJANCE - The device  which is  the  i n t e r f a c e  bztween 
the  object- to-be-transported,  (OTBT) and the  way system. 
An OTBT may se rve  a s  i t s  own conveyance, 

4. CONVEYANCE CONTROLLER - The device  t h a t  r e g u l a t e s  t h e  degrees 
of freedom i n  t h e  province of t he  conveyance. An auto- 
mobile ( t he  conveyance) normally has two degrees of f r ee -  
dom; i t s  l a t e r a l  d i r e c t i o n  and speed. The device  which 
r e g u l a t e s  i t s  d i r e c t i o n  and speed (normally a  man) i s  the  
conveyance c o n t r o l l e r .  

5. THE WAY - The pa th  t r ave r sed  by t h e  OTBT i n  moving from i ts 
o r i g i n  t o  i t s  d e s t i n a t i o n .  

6 .  REGULATING SYSTEX - The s e t  of devices  (laws, t r a f f i c  s i g n s ,  
p o l i c e ,  e t c . )  which provide f o r  t h e  e f f i c i e n t  and r a t ion -  
a l  opera t ion  of t h e  system. 

7.  DESTINATION - The l o c a t i o n  of t h e  OTBT a t  t h e  end of t h e  
t r i p .  

To i l l u s t r a t e ,  cons ider  t h e  t r i p  made by John Doe i n  d r i v i n g  t o  

work. This  t r i p  i s  one p a r t i c u l a r  combination of b a s i c  elements which 

f i t  under t h e  gene ra l  groupings a s  fol lows:  

1. O R I G I N  - John Doe's home. 

2 .  OTBT - John Doe himself .  

3 .  CONVEYANCE - John Roe's c a r .  

4 .  CONVEYANCE CONTROLLER - John Doe h imsel f .  

5. THE WAY - The p a r t i c u l a r  combination of l i n k s  and i n t e r s e c -  
t i o n s  t r ave r sed  by John Doe i n  going from h i s  
home t o  h i s  work loca t ion .  

6. REGULATING SYSTEM - The laws, t r a f f i c  s i g n a l s ,  p o l i c e ,  e t c .  
which have bear ing  on John Doe's p a r t i c u l a r  t r i p .  

7. DESTINATION - John Doe's work loca t ion .  

Any t r i p  can be broken down and i t s  elements f i t t e d  i n t o  t h e  gen- 

e r a l  groupings. The term s con ta ins  a l l  l o c a t i o n s  where a  t r i p  

can o r i g i n a t e ;  OTBT conta ins  a l l  o b j e c t s  t h a t  can be t r anspor t ed ;  

inc ludes  a l l  o b j e c t s  t h a t  can a c t  as a  conveyance; e t c ,  

Thus, a l l  t h e  o b j e c t s  (with t h e i r  a t t r i b u t e s )  from the  seven gene ra l  



groupings make up t h e  s t a t i c  t r a n s p o r t a t i o n  system; The ccnglomera- 

t i o n  of a l l  t r i p s  make up t h e  system. 

Even though t h e  gene ra l  groupings con ta in  a l l  t h e  o b j e c t s  of the  

t r a n s p o r t a t i o n  system, t h e  o b j e c t s  themselves have no t  been i d e n t i f i e d  

t o  any u s e f u l  degree.  This  can b e s t  be  done by decomposing t h e  system 

by making use  of t h e  h i e r a r c h i c a l  n a t u r e  of complex systems. 

3 . 3  Hie ra rch i c  Nature of T ranspo r t a t i on  System 

General systems t h e o r i s t s ,  H .  A .  Simon (8), Xasanao Toda (9) ,  

and Emir H. Shuford, Jr. (9)  being prominent among them, have recog- 

n i zed  t h a t  complex systems ( s o c i a l ,  b i o l o g i c a l ,  phys i ca l ,  e t c . )  

d i s p l a y  a common p rope r ty ,  i .e . ,  a h i e r a r c h i c a l  s t r u c t u r e .  A 

h i e r a r c h i c  system is composed of i n t e r r e l a t e d  subsystems, each 

of t h e  l a t t e r  being,  i n  t u r n ,  h e i r a r c h i c  i n  s t r u c t u r e  u n t i l  some 

lowest  l e v e l  of elementary subsystem is reached. In  most systems 

i n  n a t u r e ,  i t  is  somewhat a r b i t r a r y  a s  t o  where t o  s t o p  p a r t i t i o n i n g ,  

and what subsystems t o  t a k e  as elementary. Phys ics  makes use  

of t h e  concept of "elementary p a r t i c l e . "  For c e r t a i n  purposes 

of astronomy, whole s t a r s ,  o r  even g a l a x i e s ,  can be regarded a s  

elementary subsystems. I n  one k ind  of b i o l o g i c a l  r e sea rch ,  a c e l l  

may be  t r e a t e d  a s  an elementary subsystem; i n  ano the r ,  a p r o t e i n  

molecule; i n  s t i l l  ano the r ,  an amino a c i d  r e s idue .  Simon (8) t a k e s  

up the  ques t ion  a s  t o  why a s c i e n t i s t  ha s  a r i g h t  t o  t r e a t  a s  

elementary a subsystem t h a t  is  i n  f a c t  exceedingly complex. For 

t he  purpose of t h i s  s tudy ,  however, i t  i s  s u f f i c i e n t  t o  say t h a t  t h e  

l e v e l  of ana lys i s  determine the  l e v e l  of  decomposition t o  be taken  

a s  elementary. For city-wide t r a n s p o r t a t i o n  planning o r  a n a l y s i s ,  an  

e n t i r e  school  may be considered an elementary o r i g i n .  Within the 



s d l o o l  i t s e l f ,  Ilowever, i n d i v i d u a l  bui1cl in~;s  iiltiy i ~ c  t h e  elci!lcnt:ary 

or ig in: ;  and :.~i t h i n  a s p c c i f  i c  bu.i.Ldi.nz, tile c l a s s - r o o ~ ~ s  may bc  t h e  

o r i g i n s .  'i'llus, a decorttpesi t i o n  of t l ~ e  g c n c r a l  tcnn - o r i g i n  -- ca:1 a lways  

be c a r r i e d  t o  tile d e s i r e d  d e s r c e  ant1 i t  is  n e i t h e r  n e c e s s a r y  n o r  

der,i.raLle t o  i d e n t i f y  ally p a r t i c u l a r  l c v c l  a s  beii lg t i le  ~!:o:;t elc~,:cn- 

t a r y  . 
Alniost a l l  s y s t c n s  can bc decomposed s o  one  need n o t  worry a b o u t  

t h e  p o s s i b i l i t y  of  decomposing t h e  t r a n s p o r t a t i o n  l;ystem. 'In f a c t ,  

t l ic  f i r s t  l e v e l  i n  a dccomposj.tion h a s  a l rc , ldy  been s p e c i f i e d  (see  

F. i~ur t :  6 ) .  ~111 impot-taut  poi-nt  t o  b e a r  i n  mind is t i - ~ a t ,  a s  a r u l e ,  

CONTK DEST 
SYSTEM 
I 

Fig. 6 .  The first lcvol of docomposition of the transportcltioir r y s t e n ~ .  

r!lere i.s n o r e  than  one way of dccontposJng a g i v e n  sys tem.  For e::ainple, 

a c o n p u t e r  sys tem may be  decomposed i n t o  i t s  r , ~ a j o r  p h y s i c a l  coinponcnts , 

e .g.  t:he c e n - t r a l  p r o c e s s o r  u n i t ,  c a r d  read--punch u n i t ,  and Iligh-speed 

p r in te r .  Or i t  Inay b e  decor,:posc?d i n t o  o p e r a t i o r i r ~ l  s u b s y s t ~ r ~ l s ,  e .&. 

i n p u t ,  arit11ii:c t i c  u n i t ,  control .  un:it, ilienory, anc! o a t p u t .  I h c h  clecorn- 

p o s i t i o n  procluccs a d i . f f e r e n t  s e t  of p a r t s  w i t h  a s p c c i f i . ~  c!c:;ree of  

11t.i.i i t y  f o r  a ,:iven p u r p o s e ,  For e?:a!.ilple, tile e l . ~ ~ . ~ ~ c n  t "truclcs" is 

Li.ice1.y t o  a p p e a r  a t  so~iic lcvcl .  in t he  decon:posit ion of conveyance ( s e e  

1 .  7 )  . "Trircks" can  b e  cl:?t:or,lposetl nccortlinl: t;o c o l o r ,  e .g . a l l  



Fig. 7.  The element  'trucks' is likely to a p p e a r  at some level  in the 

decotnposition of CONVEYANCE. 

g r e e n  t r u c k s  grouped t o g e t h e r ,  a l l  r e d  t r u c k s  grouped t o g e t h e r ,  etc. 

I f  t h e  p s i ~ : ~ a r y  concerrt i s  w i t h  a e s t h e t i c s  t h e n  such  a breakdown nay 

b e  t h e  most  u s e f u l .  I f ,  hovrever, t h e  priiilary concern  i s  w i t h  t r u c k s  

as f u n c t i o n i n g  conveyances,  a breakdown by t y p e  (van,  wrecl ter ,  e t c . )  

w i l l  have nuch g r e a t e r  u t i l i t y .  T h i s  f a c t  p r o v i d e s  t l ie  f i r s t  b a s i c  

g l l i d e l i n e  f o r  a mean ingfu l  d e c o n ~ p o s i t i o n  of t h e  o b j e c t s  of  t h e  

t r a n s p o r t a t i o n  sys tem.  

The decolnposi t ion of t h e  ob j e c t s  of  t h e  t r a n s p o r t a t i o n  ' sys tem 

s h o u l d  be a l o n g  t h e  l i n e s  of g r e a t e s t  o v e r a l l  u t i l i t y .  Such a p o l i c y ,  

i n v o l v e s  c o n s i d e r a b l e  compromise. Any one breakdorm w i l l  have a 

d i f f e r e n t  d e g r e e  of u s e f u l n e s s  t o  p l a n n e r s ,  m a n u f a c t u r e r s ,  t r a f f i c  

a n a l y s t ,  e t c .  Tlie b e s t  breal.:docm is  the one t h a t  o p t i m i z e s  t h e  - 
o v e r a l l  u t i l i t y .  

The r lecomposit ion must b e  s u c h  t h a t  t h e  subsystems g e n e r a t e d  

;re tnu tua l iy  e i t h e r  l o c a t i o ~ l a l l y  d i s j u n c t  o r  funct iona1l .y  d i s j u n c t  



( 9 ) .  Th i s  means t h a t  each e l e n c t l t  o r  subsystem must have. a sc:i>arr?tc 

f u n c t i o n  o r  f u n c t i o r ~  i n  a s e p a r a t e  s p a c e .  Consider  tllc dcco!npo:;ition 

shovm i n  F i g u r e  8. A f u r t h e r  breakdown vould  r e v e a l  t h a t  t h e  "pick-  

I SYSTEM I 
I 

I 
1 

TRANS. SYST. TRANS. SYST. TRANS. SY ST. 

Fig. 8. An  invalid decomposition. 

up t ruck"  a p p e a r s  below "Passenger  Systetn" and below " F r e i g h t  System" 

i n  t h e  saiixe c o n t e x t ,  t h a t  is,  f u n c t i o n i n g  as a conveyance i n  t h e  same 

space. This  is a v i o l a t i o n  of t h e  d i s j u n c t n e s s  r e q u i r e x e n t  and i n -  

v a l i d a t e s  tile breakdown. 



CEIAPTER I V  

IDENTIPYING THE ELEMENTS OF THE PRESENT AND IDEAL 
STATES OF THE TRANSPORTATION SYSTEII 

4 .1  The Present  System 

I n  o rde r  t o  demonstrate t h e  f e a s i b i l i t y  of i d e n t i f y i n g  o b j e c t s  

of t h e  p re sen t  t r a n s p o r t a t i o n  system along t h e  gu ide l ines  s e t  down 

i n  the  previous chap te r ,  a p a r t i a l  decomposition was made. Since 

t h e  major a r e a  of i n t e r e s t  is  wi th  ground t r a n s p o r t a t i o n ,  t h e  decom- 

p o s i t i o n  c e n t e r s  around t h e  common t r i p  of a human being being 

t r anspor t ed  over  land by common land  conveyances. The elements of 

any t r i p ,  however, be i t  by land ,  s e a ,  o r  a i r  could be loca t ed  on 

t h e  complete breakdown. 

Whenever p o s s i b l e ,  c l a s s i f i c a t i o n s  (sub-groupings) were adopted 

i n  l i n e  wi th  t h e  h i g h e s t ,  and normally t h e  most gene ra l ,  agency. 

This  was, i n  most ca ses ,  t h e  United S t a t e s  Government. I n  s e v e r a l  

i n s t ances  where no previous c l a s s i f i c a t i o n s  could be found, o r i g i n a l  

groupings were made wi th  t h e  two gu ide l ines  of u t i l i t y  and d i s junc t -  

nes s  i n  mind. Formulating new groupings o f t e n  involved formulat ing 

new "names" a s  we l l .  Whenever a new name is  used, i t  w i l l  be 

def ined.  Def in i t i ons  o r  explana t ions  of t h e  remaining terms can be 

found by r e f e r r i n g  t o  t h e  re ferenced  sources.  

It should be  kep t  i n  mind t h a t  t h e  p a r t i a l  decomposition i s  

presented t o  demonstrate f e a s i b i l i t y .  Decompositions of g r e a t e r  

u t i l i t y  can no doubt be r e a l i z e d .  A l l  a n t i c i p a t e d  use r s  should be  

consul ted and c ~ m p r ~ m i s e s  made where necessary.  T h i s  e x e r c i s e ,  

which is i n  e f f e c t  dec id ing  which a t t r i b u t e s  of an ob jec t  a r e  most 

important from an o v e r a l l  system s t andpo in t ,  i s  extremely rewarding. 



-?- 
A I L  f a c t ,  a decor~- - -  , p o s i ~ ~ u n  " ' A -  of t i le type  presen ted  has  s e v e r a l  u s e f u l  

f e a t u r e s  o t h e r  than j u s t  t h e  i a e n t i f i c a t i o n  of o b j e c t s .  This  

fo l l ows  n a t u r a l l y ,  of course ,  i f  a  s t a r t i n g  p o i n t ,  a s  d i s cus sed  

i n  Chapter  111, is a c t u a l l y  provided.  The added f e a t u r e s  w i l l  be  

d i s cus sed  i n  Chapter V I .  

4.2 The Decomposition 

The f i r s t  l e v e l  of t h e  h i e r a r c h i c  decomposition, a l r eady  d i s -  

cussed ,  i s  p re sen t ed  a g a i n  i n  F igure  9. For e a s e  of p r e s e n t a t i o n ,  

Fig. 9. The first level o f  the hierarchic decomposit.ion. 

a l l  groupings,  r e g a r d l e s s  of l e v e l ,  w i l l  be  r e f e r r e d  t o  a s  elements.  

The seven g e n e r a l  groupings w i l l  be  c a l l e d  t h e  major elements.  A l l  

e lements  lower on t h e  h i e r a r c h i c  deconpos i t ion  " t ree"  and stemming 

from a p a r t i c u l a r  element w i l l  be c a l l e d  subord ina te  e lements  - t o  t h e  

p a r t i c u l a r  elenlent . 
For t h e  i d e n t i f i c a t i o n  of p a r t i c u l a r  e lements ,  a numerical  

l a b e l i n g  scheme has  been devised.  The seven major e lements  a r e  

numbered by increments  of ken from 10 t o  70, A l l  s ubo rd ina t e  e l e -  

ments s f  any p a r t i c u l a r  element a r e  numbered from 01  up t o  99 .  Any 

element may have up t o  39 subord ina t e  elements (see F igure  10).  The 



trio d t g i t '  nulill>i?t.s o b t a i n e d  by t r a c i n g  t l ie  pcith from t h e  n!ajor c.l.celc.nt: 

dor\ln t o  t h e  p a r t i c u l a r  e. lcment.  For e s a n p l e ,  t h e  n1u:icricnl 

d e s i g n a t o r  of c l e n e n t  "D" i n  F i g u r e  1 0  i s  100301. 

Fig. 10. Tho nui i~cr iccr l  dcsigticltor sc!~eme. 

The sys tem is  n o t  r e s t r i c t i v e  as i t  p e r m i t s  ouc t o  s e l . e c t  t h e  

l e v c l  of d e t a i l  c o n s i d e r e d  ciost a p p r o p r i a t e .  Al.so, i t  pc r rn i t s  t h e  

.k 
u s e  of  a d d i t i o n a l  s u b d i v i s i o n s  i n  a d o p t i n g  a - - -  s t a n d a r d  d e c o ~ ~ b o c - i t i o ! ~  L~L-'.' P 

w h i l e  s t i l l  r e t a i n i n g  t h e  b a s i c  fras:e:.rork. 

4 . 2 . 1  ___J- O r L p i t ~  

F i g u r e  11 s h o ~ ~ s ,  i n  c l i a r t   for^:^, a p a r t i a l  dccorr,po:;%tion o f  t . 1 ~  

major  c l e m e n t ,  ORIGTN.  A nlorc c o ~ x p l e t e  cleco:~~posj.tj.on is  g i v c n  i n  

o u t l i ~ i e  form i n  .tlppcndix 11. Tlle r e f e r e n c e  numbers gj.veil i n  F i g u r e  

11 (1:RF. 100401.01, f o r  example) r e f e r  t o  t h e  element: on thc o u t l i n e  

fiTlic a t lvantages  of a s t a n d a r d  decompos i t ion  ~ri.l.1. b e  discussed 
i n  c h a p t e r  V I .  
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Fig. 11. A partial decomwsition of the major element. origin. 



where t h e  decomposition i s  cont inued,  

Several  l e v e l s  of decomposition could be  included between the  

major element and t h e  f i r s t  l e v e l  of decomposition shown i n  F igure  11. 

It may be u s e f u l  t o  s t a r t  wi th  t h e  Uaited S t a t e s  and go down 

through reg ions ,  s t a t e s ,  c i t i e s ,  and neighborhoods before  g e t t i n g  

t o  t h e  Residence [lOOl]*, ..., Transpor t a t ion  Terminals [1003],  

l e v e l .  Each l e v e l  w i l l  have a  d i f f e r e n t  degree of u se fu lnes s  

depending on t h e  l e v e l  of a n a l y s i s .  

The major r e f e rences  f o r  t h i s  decomposition were t h e  1967 

Standard I n d u s t r i a l  C l a s s i f i c a t i o n  Pianual ( l o ) ,  t he  1968 S t a t i s t i c a l  

Abs t rac t  of t h e  United S t a t e s  (I%), and t h e  1960 U .  S .  Census of 

Housing (12) . 

No re fe rences  could be loca t ed  t o  a i d  i n  t h e  decomposition of 

t h e  OTBT. The decomposition (Figure 12)  i s ,  t h e r e f o r e ,  l i m i t e d  bu t  

s u f f i c i e n t  t o  demonstrate t h e  cons ide ra t ions  f o r  making such a  

breakdown. A l l  o b j e c t s  t h a t  can be t r anspor t ed  were d iv ided  i n t o  

two major groups; l i v e  cargo and goods. Severa l  o t h e r  c l a s s i f i c a -  

t i o n  a r e  poss ib l e .  However, when cons ider ing  a l l  t h ings  i n  l i g h t  of 

t h e i r  c h a r a c t e r i s t i c s  a s  o b j e c t s  t o  be t r anspor t ed ,  t h e  presence o r  

absence of l i f e  was deemed most important .  A l l  l i v e  cargo r e q u i r e s  

some l i f e  s u s t a i n i n g  environment and t h i s  f a c t  has  cons iderable  

bear ing  on t h e  design of o t h e r  elements of t h e  system, t h e  convey- 

ance i n  p a r t i c u l a r .  

"Nwbers i n  b racke t s  r e f e r  t o  the  numerical des igna tor  of 
element 





Because attention is directed toward the transportation of 

human beings, only the "live cargot1 branch is developed. However, 

the transportation of goods is also important. A large percentage 

of all conveyances are designed around the transporting character- 

istics of goods (i.e., size, weight, value, etc). Subordinate 

elements for goods are suggested by the conveyances used to transport 

them: refrigerated vans are used to transport "perishablett goods; 

lowbeds are used to transport "heavy" equipment; etc. Decisions 

as to major subdivision of goods should not be made, however, without 

first making a comprehensive study of all facets (goods themselves, 

conveyances, laws, etc.) of the goods transportation system. 

Under "live cargo" the subordinate elements are "animal" and 

I t  plant st' ; under "animal", they are "human' , and "non-human" . The 

breakdown under "human" is for demonstration only as deciding among 

the many transporting characteristics of human beings (size, state 

of health, etc.) would also require a comprehensive study. 

4.2.3 Conveyance 

The partial decomposition of the major element conveyance is 

given in Figure 13. The decomposition of Landcraft [300102] involved 

formulating two new terms, "Free" conveyance [300101] and "Guilded" 

Conveyance [300103]. A "free" conveyance is a conveyance which has 

"direction" as a degree of freedom. A "guided" conveyance is a 

conveyance which does not have "direction" as a degree of freedom. 

Automobiles and airplanes are "free" conveyances while railway trains, 

whose direction is detemined by the way on which they travel, 
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Fig.  13, A partial clecom]msition of the mnjol- e lements .  COSI 'EYXSCE 



a r e  "guided" conveyances. Under " f ree"  conveyance, t h e  term 

Tracked [30010102] r e f e r s  t o  t rack-laying v e h i c l e s  such a s  combat 

tanks ,  bu l ldoze r s ,  e t c .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  f o r  t h e  decomposition of 

Automobile [3001010101] no breakdown of high u t i l i t y  could be 

loca t ed .  Automobiles could be grouped by manufacturer (Ford, 

Chevrolet ,  e t c . ) ,  by p r i c e  range (economy, medium p r i ced ,  e t c . ) ,  o r  

by s e v e r a l  o t h e r  c r i t e r i a .  However, knowing t h e  manufacturer 

r e v e a l s  l i t t l e  about t h e  automobile a s  a conveyance. Also, i t  

r e v e a l s  very  l i t t l e  about t h e  o t h e r  elements of t he  system wi th  

which t h e  p a r t i c u l a r  automobile i s  l i k e l y  t o  combine t o  form a t r i p .  

Grouping automobiles by p r i c e  range was r e j e c t e d  because of t h e  

a n t i c i p a t e d  d i f f i c u l t y  of a c t u a l l y  c l a s s i f y i n g  automobiles by these  

c r i t e r i o n .  A luxury c a r  may have a n  "economy" p r i c e  t a g  once i t  is  

considered used. 

The breakdown by body type  according t o  t h e  Automobile Club 

d ' I t a l i a  World Car Catalogue (13) had t h e  h ighes t  u t i l i t y  of c l a s s i -  

f i c a t i o n s  considered.  Knowing t h a t  t h e  conveyance is a s p o r t s  c a r  

impl ies  something about i t s  s i z e  and handl ing c h a r a c t e r i s t i c s ;  It 

a l s o  g ives  cons iderable  informat ion  about t he  probable conveyance 

c o n t r o l l e r .  Insurance companies have recognized these  f a c t s .  

The (14) along wi th  the  World Car 

were t h e  major r e f e rences  f o r  t h e  decomposition of 

The p a r t i a l  decomposition of t h e  major element 

Con t ro l l e r  i s  given I n  F igure  14. A l l  conveyance c o n t r o l l e r s  were 
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div i ( i ed  i n t o  tilo g roups ,  IIuman B e i ~ ~ g  [4001] allti 1Slcctro11i.c: o r  - --- 

kl.:chanical d e v i c e  [4002] .  ~ l n  a u t o m a t i c  p i l o t  is  au  example of a n  -- --- 

e l c c t r o ! ~ i c  d e v i c e  s e r v i n g  a s  a  corlveyance c o n t r o l l e r .  

The decomposi t ion of EIu~nan Uei.ng i s  f u r  deli tonstration a s  a 

con ;prhens ive  s t u d y  would b e  r e q u i r e d  t o  for l i lu la te  a decompos i t ion  

of h igh u t i l i t y .  A human be ing  h a s  many a t t r i b u t e s  which e f f e c t  

h i s  a b i l i t y  t o  f u n c t i o n  a s  a conveyance c o n t r o l l e r .  Some, s u c h  as 

v i s i o n ,  h e a r i n g ,  and r e a c t  i o n  t ime , a r e  e a s i l y  q i ~ a n t i f  i a b l e  while 

o t h e r s ,  such a s  judgement a r e  n o t .  S e v e r a l  i n d i c a t o r s  (age, sex, 

m a r i t a l  s t a t u s )  a r e  used t o  r e f l e c t  on a p e r s o n ' s  a b i l i t y  t o  

c p e r a t e  an auton!oi>ile " s u c c e s s f u l l y " .  Uecause of case of c l a s s i -  

f i c a t i o n  and r e l a t i v e l y  h igh  u t i l i t y ,  d e c o ~ ~ ~ p o s i t i o n  a c c o r d i n g  t o  

such " incl ica tors"  may prove most advantageous . E I ~ ~ r e v e r ,  f u r t h e r  

r e s e c r c h  is needed, 

4.2 .5  The 

The p a r t i a l  decomposi t ion of The \&Jay is shown i n  F i g u r e s  15, 

1 6 ,  and 17.  The two major  s u b o r d i n a t e  elements are The  Way L i n k s  

(50011 and T h e  \Jay I n t e r s e c t i o n s  [5002] .  1,fost terms a r e  s e l f  -- -- 

See Fig. 16. 

S e e  Fig. 17. 

Fig. 15. The  two i n u j a r  subordinate elsrnenfs 05 T l i E  \MAY. 
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explanatorqp. A 65001010:] is a way link 

normally traversed by a "free" conveyance. 

way link [50010102] is a way link which guides the conveyance along 

a predetermined course. 

The major references for this decomposition were A Policy on 

Arterial Highways in Urban Areas (15) and A Policy on Geometric 

Design of Rural Highways (161, both published by the American 

Association of State Highway Officials, 

The decomposition of the is shown in 

Figure 18, The major subordinate elements are Laws [600l], Law - - 
enforcement element 660021 and "Information communication to 

conveyance controller [6003]. The decomposition of laws is for 

demonstration as no previous cLassifications were located. The 

Law Enforcement element includes, not only the police charged with 

regulating traffic, but also the agents charged with enforcing 

manufacturing standards, road construction standards, etc. The 

t includes 

all devices (stop signs, directional signs, traffic signals, etc.) 

which transmit information about the system (which is often some 

requirement of the law) to the conveyance controller. 

4.2.7 Destination 

The decomposition of the major element Destination (Figure 19) 

is the same as the decomposition of This follows, as any 

location that can serve as an origin can a l s o  serve as a destina- 

tion. Each is retained as a major element, however, because it is 

highly probable that different characteristics will be Fmportant 
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Fig. 19. A partial decomposition of the major  elements, DESTINATION 



depenciing on v ~ h e t h e r  tile l o c a t i o n  under  c o n s i d e r a t i o n  is  s e r v i n g  

a s  an o r i g i n  o r  d e s t i n a t i o n .  

4 . 3  Yhe I d e a l  Sys tern ----- - 

The p a r t i c u l a r  o b j e c t s  of t h e  i d e a l  sys tem cannot  be  iden-  

t i f i e d  as t h i s  would r e q u i r e  an a b i l i t y  t o  "see" t h e  f u t u r e .  How- 

e v e r ,  because  t h e  "trip c o l ~ c c p t "  h o l d s  f o r  a l l  s t a t e s  of t h e  sys tem,  

t h e  o b j e c t s  of t h e  i d e a l  sys tem cen be grouped under  t h e  scven  major  

elcfiients ( s e e  F i g u r e  20).  From t h i s  p o i n t ,  t h e  i d e a l  sys tem 

r i~ust  be  d e s c r i b e d  i n  terms of o b j e c t i v e s .  

Tlle i d e a l  sys tem i s  n o t  " f ixed"  because  i d e a s  as to 

I IDEAL 1 

Fig. 20. The major  c l e m r , ~ t s  of tho ideal transportclDion system. 

\.:llat: i s  d e s i r e d  i n  a t r a n s p o r t a t i o n  sys tem may v a r y  wit11 t i m e .  

T h i s  does  n o t  p r e s e n t  a  prubleix, however, because  p:ict i lr ing the 

t r a ~ l s p o r t a t i o n  sys tem as a  l a r g e  evol.ving system a l l o w s  f o r  evolu- 

t i o n  t c r .~a rd  t h e  i d e s 1  sys tem w l ~ a ~ e v e r  tlie c u r r e n t  i d e a l s  nay b e ,  - ----- - - - - 

To d a t e ,  t h e  r o s t  ge r ie ra l  s t a te rcen t  of o b j e c t i v e s  i s  c ~ n t a i n e d  i n  

t h e  9~p9~ti,ie11t: of  T r a r l s p o r t a t i o n  Act of October 15, 1365, 

I n  i t ,  t h e  T j :a~ i spor ta t ion  Departr~lent i s  d i r c c t c d  t o  v o r k  toward 

";)rovisior? of f a s t  , sn f  c ,  cf f icli-ent , al-td c o n v e ~ l i c n t  t r a n s p o r t a t i o n  



at the lowest cost consistent therewith."* Thus, the current ideal 

system is the one that provides the fastest, safest, most efficient, 

and most convenient transportation at the lowest cost consistent - 
therewith. 

*United States Government Organization Manual 1969-70 
(Washington: G.P.O., 1969), p .  376. 



EVOLUTION TOWARD THE IDEAL STATE 

5.1 

"The solving of problems is accomplished by a process of 

learning. Learning is defined as a cognitive action resulting from 

stimuli. Cognition is the broad range of intelligent acts in 

which the discernment of a pattern, present or future, takes 

place. Discernment is among the principal functions of the inter- 

mediary. Other principal learning functions are formulation of the 

means by which the transformation between systems states will be 

implemented, and formulation of the concept that a priori indicates - 

how the desired state may be obtained through changes in existing 

objects, attributes, and relationships."* 

Thus, one of the primary requirements in solving the trans- 

portation problem is the discernment of a pattern. This is, in 

effect, determining what is actually happening. Before tackling the 

problem of cognition at the total system level, a more limited pro- 

blem, that of improving the performance of a human being acting as 

the conveyance controller for an automobile, will be considered. 

5.2 General Conception of Problem 

Given sufficient information, a distribution of all men accord- 

ing to their to drive an automobile, could be formulated. 

This distribution will be called the "raw" distribution. At present, 

this "raw" distribution is fed i n t o  a Black Box system where it is - 

"Stanford L. Optner, . ,Englewood Cliffs, New Jersey: Prentice- 
Hall, 1965), p. 75. 



processed ,  The d e s i r e d  ou tput  is a d r i v e r  pe r fomance  d i s t r i b u -  

t i o n  t h a t  is  wi th in  accep tab l e  performance l i m i t s  ( see  F igure  21). 

This  i s  t h e  d e s i r e d  ca se .  The a c t u a l  s i t u a t i o n  is  dep ic t ed  i n  

F igure  22. When t h e  "raw" d i s t r i b u t u i o n  i s  f e d  i n t o  t h e  Black 

Box a p o r t i o n  of t h e  ou tput  performance d i s t r i b u t i o n  f a l l s  o u t s i d e  

accep tab l e  l i m i t s .  This  p o r t i o n  r e p r e s e n t s  unacceptable  d r i v e r  per-  

formance. Any d r i v e r  performance which causes  undue de l ays  i n  t r a f -  

f i c  flow is considered unacceptable .  

I n  problem formula t ion  terminology, t h e  a c t u a l  s i t u a t i o n  is  

t h e  p r e s e n t  system and t h e  d e s i r e d  c a s e  i s  t h e  d e s i r e d  system. 

The o b j e c t i v e  is  t o  modify t h e  ou tpu t  d i s t r i b u t i o n  of t h e  a c t u a l  

s i t u a t i o n  u n t i l  i t  f a l l s  e n t i r e l y  w i t h i n  accep tab l e  l i m i t s .  

5.3 General Conception of Black Box 

The inpu t  "raw" d i s t r i b u t i o n  and t h e  Black Box process ing  sys-  

t e m  a r e  t h e  de te rminants  of t h e  "shape" of t h e  ou tpu t  performance 

d i s t r i b u t i o n .  However, t h e  r a t e  of change of t h e  "raw" d i s t r i b u -  

t i o n  i s  such t h a t  i t  i s  normally cons idered  cons t an t .  Therefore ,  

i f  t h e  performance of a human be ing  a c t i n g  as a conveyance con t ro l -  

ler  is t o  be improved, t h e  Black Box must be improved. 

For d i s c u s s i o n  purposes ,  on ly  a major c o n t r i b u t o r  of man's 

a b i l i t y  t o  d r i v e  w i l l  be cons idered  a s  h i s  t o t a l  a b i l i t y  is no t  

c u r r e n t l y  q u a n t i f i a b l e .  , a c o n t r i b u t o r  which is quan- 

t i f i a b l e ,  w i l l  be  t aken  though o r  r e a c t i o n  time would s e r v e  

j u s t  a s  w e l l .  

The "raw" d i s t r i b u t i o n  i s  now cons idered  t o  be  a d i s t r i b u t i o n  

of men according t o  t h e i r  v i s u a l  a c u i t y  (Figure 23) .  This  d i s t r i -  

bu t ion  is f ed  i n t o  t he  Black Box, 
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Fig. 23. il. ' raw'  r t l s t r i b ~ ~ i o ~ i  of cncn accord ing  to visuc!l acuity. 

f r : ~ n s p o r t a t j . c n  s l s t c m  made 11p of  e l c n c u t s  tiiiich !~avc bcen "d.?~j.~!:eii" ----.- ..---aw------ --.- ---- -...-- 

t o  cornpe1zsate f o r  i n a d e t u i l c i c s  i.n o t l l e r  el.e:nc..nts i3 f  the snme syst:e;n. 
----+ --- ---. ------- -- ---- 

Tor tllc par:l:icular c a s e  undcr  s tuc!y , lilan's p e r f  on?.ance as a convey- 

ance  c o r l t r o l l c r  is  t h e  o u t p u t  of a t r a n s p o r t a t i o n  sys tem that has 

been desigrlcd t o  c o n p e n s a t e  f o r  his v i s u a l  iiladcqu;tcLz:; (17;  t l l ru  

(53). For  c;rnrL~ple, men do n o t  1:ave the i ~ L i l . i t y  t o  see t o  the r e a r , '  

so t h i s  "ir::~cicc~uacy" is  c n r ; p : ~ n s a t c ~ ~  f o r  i n  tlie clesign of  t h e  o u ~ o n o -  

b i l e  (a cclweynnce) by. pro-ridir tg r e a r v i e w  m i r r o r s ,  S i m i l a r l y ,  men 

travcr?li.nj; 60 ra. p ,h . at: nj.gilt have cli2f i c u l  t y  i n  decc-r.ning the edge 

of t h e  road  s o  - tile -- ~ l a y  - is  desigfiecl t o  a s s i s t  h j ~ t ,  i.e., o itlore d i s -  

L i n c t  w h i t e  l i n e  i s  p a i n t e d  a l o n g  i;'tic e:lge. Sdppose ,  now, tha t  aa 

i t  :inFcasibl.e t o  d e s i g n  t h c  o.i;l.,itr c lccicnt :~ of t!le systcin t o  

cor.ipcnsate f o r  such a g~:cilL i i ; ; i~Ic! j l la~y SO tili? ixail (a corivcyance 

c o n t r o ' . l e r j  is t , :o t l i f icd  by PI.-ovidil~;: lsir,l w i t h  eyeg!.asscs. I f  h i s  



v i s i o n  cannot be  s u f f i c i e n t l y  co r r ec t ed ,  then  the  

i s  designed, through l i c e n s i n g  requirements ,  t o  p r o h i b i t  him from 

d r iv ing .  

A f t e r  process ing ,  t h e  e f f e c t i v e n e s s  of t h e  Black Box can be 

eva lua ted  by in spec t ion  of t h e  performance d i s t r i b u t i o n  output .  Any 

unacceptable  performance by a conveyance c o n t r o l l e r  due t o  a v i s u a l  

inadequacy i n d i c a t e s  t h a t  t h e  system has no t  been s u f f i c i e n t l y  

designed t o  compensate f o r  a l l  inadequacies .  To improve t h e  per- 

formance d i s t r i b u t i o n ,  t h e  Black Box, which is ,  i n  e f f e c t ,  t h e  

p r e s e n t  t r a n s p o r t a t i o n  system, must be improved. 

5.4 The Evolut ionary Process  

The a n a l y s i s  of t h e  Black Box provides some i n s i g h t  as t o  how 

t h e  t r a n s p o r t a t i o n  system evolves.  The process  d iscussed  i n  t h e  pre- 

ceding s e c t i o n  can be r e s t a t e d  i n  more gene ra l  terms a s  fol lows:  

1. An element of t h e  system was s e l e c t e d  ( a  conveyance con- 

t r o l l e r ) .  

2. A p a r t i c u l a r  c h a r a c t e r i s t i c  (v i s ion )  of t h e  element was 

chosen. 

3 .  The c h a r a c t e r i s t i c s  requi red  of o t h e r  elements of t h e  

system t o  make t h e  system harmonious t o  t h e  element under 

s tudy were determined (automobile should have rearview 

mir ror ,  highways should have edgemarkings, e t c . )  

4. The c h a r a c t e r i s t i c s  determined i n  s t e p  3 were considered 

c h a r a c t e r i s t i c s  of i d e a l  elements wi th  r e spec t  t o  element 

under s tudy ,  An i d e a l  element is  an  element t h a t  func t ions  

i n  harmony i n  t he  e x i s t i n g  system. A t  any s t a t e  

of t he  system n t h e r  than t h e  i d e a l  s t a t e ,  t h e  system may 



p r e s c r i b e  i n f e a s i b l e  c h a r a c t e r i s t i c s  f o r  an  i d e a l  element.  

The s i g n i f i c a n c e  of t h i s  w i l l  be  d iscussed  i n  s e c t i o n  5.5) 

5 .  The c h a r a c t e r i s t i c s  necessary f o r  an i d e a l  element were 

evaluated i n  t h e  l i g h t  of socio-economic cons ide ra t ions  and 

a  dec i s ion  was made a s  t o  t h e  c u r r e n t  f e a s i b i l i t y  of incor -  

po ra t ing  t h e s e  c h a r a c t e r i s t i c s  i n t o  t h e  a c t u a l  design of 

elements of t h e  system. (The i n s t a l l a t i o n  of rearview 

mi r ro r s  was deemed f e a s i b l e  as w a s  t h e  use of edgemarkings 

f o r  highways. However, i t  was deemed i n f e a s i b l e  t o  des ign  

t h e  system t o  compensate f o r  t he  v i s u a l  inadequacies  of a 

man wi th  20-400 v i s i o n ) .  

The process  o u t l i n e d  above is  a p p l i c a b l e  t o  a l l  elements of 

t h e  system. Suppose t h e  element under s tudy is  t h e  automobile,  a  

conveyance. Its width and l eng th  a r e  c h a r a c t e r i s t i c s  which a f f e c t  

t h e  design of o t h e r  elements of t h e  system, i .e. ,  t h e  s i z e  of park- 

i n g  s l o t s  i n  t h e  des ign  of o r i g i n s  and d e s t i n a t i o n s  and t h e  width 

of t r a f f i c  l a n e s  i n  t h e  des ign  of t h e  way. S imi l a r ly ,  i f  a man is 

being considered as an o b j e c t  t o  be  t r anspor t ed ,  h i s  phys i ca l  dimen- 

s i o n s  and "loading" and "unloading" c h a r a c t e r i s t i c s  a r e  important 

i n  t h e  des ign  of t h e  conveyance. A s  another  example, i f  a t ruck  is 

t h e  element under s tudy ,  its weight w i l l  p l ace  c e r t a i n  s t r e n g t h  

requirements  on t h e  way. I n  t h e  same manner t he  "s trength" of 

e x i s t i n g  ways, p l ace  weight r e s t r i c t i o n s  on conveyances. 

The above examples may be ove r s impl i f i ca t ions  but  they  do 

i l l u s t r a t e  how element c h a r a c t e r i s t i c s  a r e  d e t e m i n e d .  En t h e  

a a m g l e s ,  s e v e r a l  requirements were placed on the way: A conveyance 

c o n t r o l l e r  requi red  t h a t  - t h e  9 have edgemarkings; one conveyance 



r equ i r ed  a  certain l ane  width; and s t i l l  another  conveyance placed 

c e r t a i n  s t r e n g t h  requirements on . The c o l l e c t i o n  of 

requirments  placed on by a l l  o t h e r  elements of t h e  system 

c o n s t i t u t e s  t he  c h a r a c t e r i s t i c s  of t h e  i d e a l  way. The same is  t r u e  

f o r  each element. A man, an , r e q u i r e s  

t h a t  h i s  automobile,  a conveyance, be  comfortable .  A man, a  conve- 

yance c o n t r o l l e r ,  r e q u i r e s  t h a t  t h e  automobile have a  rearview m i r -  

r o r .  H e  a l s o  d i c t a t e s  o t h e r  c h a r a c t e r i s t i c s  of t h e  automobile,  such 

a s  t h e  f o r c e  r equ i r ed  t o  a c t i v a t e  t h e  brake pedal ,  t h e  f o r c e  r equ i r ed  

t o  t u r n  t h e  s t e e r i n g  wheel, t h e  p o s i t i o n  of t he  c o n t r o l s ,  e t c .  

Ex i s t i ng  o r i g i n s  and d e s t i n a t i o n s  r e s t r i c t  t h e  s i z e  of the  automo- 

b i l e  and the  r e g u l a t i n g  system r e q u i r e s  s a f e t y  g l a s s  and many o t h e r  

f e a t u r e s .  The c o l l e c t i o n  of t hese  requirements c o n s t i t u t e s  t h e  

c h a r a c t e r i s t i c s  of t h e  i d e a l  conveyance. 

I f  t he  c h a r a c t e r i s t i c s  of t h e  horse-and-buggy a s  a conveyance 

a r e  compared wi th  t h e  c h a r a c t e r i s t i c s  of t h e  i d e a l  conveyance, t h e  

horse-and-buggy is  quick ly  c l a s s i f i e d  a s  "unfi t" .  A s  the  "un f i t "  

element i s  phased o u t ,  t h e  system evolves t o  a  new s t a t e .  The new 

s t a t e  has  t h e  gaso l ine  powered automobile a s  t he  primary conveyance. 

This  system d i c t a t e s  c h a r a c t e r i s t i c s  f o r  t h e  way which " d i r t "  roads 

do not: possess  so they  become "unfi t" .  A s  t h e  " d i r t "  roads a r e  

su r f aced ,  t h e  system evolves t o  a  new s t a t e .  A s  t he  number of sur-  

faced inc reases ,  t h e  f e a s i b i l i t y  of haul ing f r e i g h t  over them 

( a s  compared t o . r a i 1 )  increases .  Thus, t h e  system evolves t o  a  new 

s t a t e  by t h e  a d d i t i o n  o f - t r u c k s  as conveyances, 

It can be s een  t h a t  t he  e v o l u t i o n a q  process  of t h e  t r anspor t a -  

t i o n  system i s  not  so un l ike  t h e  process  found i n  na tu re  where condi- 



tions of fitness govern selectivity, The existing system dictates 

the characteristics of the most fit elements. Existing elements 

which do not have these characteristics "die out". Adaptive elements 

"change" to fit the system, and more fit elements are "born" into the 

system. The transportation system, therefore, evolves to a new state 

by the modification or removal of existing elements or by the addition 

of new elements into the svstem. 

5.5 The Direction of Evolutionary Change 

Cognition of the evolutionary process invites questions of con- 

trolled evolution. However, before the evolution can be controlled, 

it is necessary to understand how the "directiontt of evolution is 

determined. 

Figure 24 depicts the evolutionary process of the transporta- 

tion system. The characteristics of each element in the system 

place requirements on the system (Item 1). The collection of these 

requirements (Item 2) define the characteristics of the ideal element. 

The characteristics of the ideal element are evaluated in the light 

of socio-economic considerations and divided into two groups: (a) 

those characteristics currently infeasible or undesirable (Item 4). 

The elements produced with the characteristics of Item 3 become 

members of the system while the infeasible or undesirable character- 

istics are "fed back" to be compensated for in the design of some 

other element. 

As an example of the process, suppose trucks as conveyances 

were under study. The weights of pickup trucks and heavy-equipment 

transporters place s t r e n g t h  requirements on . These require- 

ments could be found in Item 1, under conveynaces, in the block 





l a b e l l e d  \JAY. The colored  l i n e  from t h e  bottom of the block shows 

$ha% these  requi renents  become c h a r a c t e r i s t i c s  of t he  i d e a l  way 

(Item 2 )  a s  s p e c i f i e d  by conveyances. When t h e  c h a r a c t e r i s t i c s  are 

eva lua ted  i n  t h e  l i g h t  of socio-economic cons ide ra t ions ,  i t  may prove 

f e a s i b l e  and d e s i r a b l e  (Item 3) t o  design a  new way t o  meet the  

s t r e n g t h  requirements s p e c i f i e d  by pickup t rucks .  However, i t  may 

prove i n f e a s i b l e  o r  undes i r ab le  (Item 4 )  t o  meet t he  s t r e n g t h  r equ i r e -  

ments s p e c i f i e d  by heavy-equipment t r a n s p o r t e r s .  When t h i s  u n s a t i s -  

f i e d  requirement i s  f e d  back (dot ted  l i n e ) ,  i t  is  changed i n t o  a 

requirement placed on t h e  conveyance by t h e  way, i . e . ,  t he  s t r e n g t h  

of e x i s t i n g  ways r e s t r i c t  t h e  weight of conveyances. 

The only dec i s ion  made was i n  t h e  socio-economic cons ide ra t ions  

block.  It is  i n  t h i s  b lock ,  t he re fo re ,  t h a t  t he  d i r e c t i o n  of t h e  

evolu t ionary  process  is  determined. Suppose, t h a t  i n  t he  preceeding 

example, i t  had been deemed both  f e a s i b l e  and d e s i r a b l e  t o  b u i l d  new 

ways t o  meet t h e  s t r e n g t h  requirements of t h e  heavy-equipment t rans-  

p o r t e r s .  A s  t h e  new ways are b u l t ,  heavy conveyances become more 

" f i t "  and low s t r e n g t h  ways become l e s s  " f i t " .  Thus, i n  t ime, t he  

system evolves t o  a  s t a t e  i n  which heavy conveyances func t ion  

harmoniously. 

Whenever elements a r e  changed, t h e  new s t a t e  r ede f ines  t h e  i d e a l  

elements.  I f  t h e  c h a r a c t e r i s t i c s  of e x i s t i n g  elements do no t  

match t h e  c h a r a c t e r i s t i c s  of t h e  i d e a l  elements,  t he  system w i l l  n o t  

func t ion  i n  complete harmony. A t  t h e  i d e a l  s t a t e ,  t he  charac te r -  

i s t i c s  of func t ioning  elements and t h e  c h a r a c t e r i s t i c s  of t h e  i d e a l  

elements a s  defined by t h e  system a r e  one and the  same. Therefore ,  

i n  evolving toward t h e  i d e a l  s t a t e ,  e f f o r t  should be concent ra ted  



on matching the characteristics of existing and ideal elements, 

This can be done in two ways. Elements can be designed with the 

characteristics of the ideal elements or if a particular element 

is considered desirable, the system can be changed to redefine the 

ideal element to match the existing element. Either action will 

assure evolution toward the ideal state. 

5.6 Controlled Evolution 

It has been shown how cognition of the evolutionary process 

allows one to rationally set the direction of evolution. However, 

setting the direction does not mean that the evolution of the system 

will be controlled. As stated in section 5.4, the transportation 

system evolves to a new state by the modification or removal of 

existing elements or by the addition of new elements into the 

systems. Controlling the evolution then means controlling the 

addition, deletion, and modification of elements. 

To some extent, government manufacturing standards regulate the 

changing of the system from the "addition of element" standpoint. 

Mandatory vehicle safety inspections do regulate, somewhat, the 

modification and removal of at least one major component of the 

system. However, cognition of the evolutionary process and of how 

the direction of evolution is determined, allows for more positive 

control. The suitability of a proposed new element can be deter- 

mined by comparing its characteristics with the charactersitics of 

an ideal element. Existing elements can also be compared with ideal 

elements and decisions as .to modification or removal can be made. 

Control by this method would ensure that new elements intro- 

duced into the system will not change or reverse the desired direc- 



t i o n  of evolu t ion .  It would a l s o  ensure  t h a t  t h e  evo lu t ion  not  be 

allowed t o  proceed a t  a  r a t e  which i s  d e t r i m e n t a l  ( t o  an unnecessary 

degree)  t o  some ot l ler  element of the system. (An evo lu t ion  toward 

heavy conveyances may prove extremely c o s t l y  i n  highway r e p a i r s ,  

un l e s s  t h e  r e g u l a t i n g  system i s  modified t o  r e s t r i c t  t h e  r o u t e s  of 

heavy conveyances.) 

The more thoroughly t h e  evolu t ionary  process  of t h e  t r anspo r t a -  

t i o n  system is understood,  t h e  more c l o s e l y  i t  can be d i r e c t e d  and 

c o n t r o l l e d .  I n  consequence, t h e  t r a n s i t i o n  t o  more d e s i r a b l e  states 

w i l l  be  f a s t e r  and smoother, 



RECAPITULATION AND CONCLUSION 

6.1 Recapitulation 

Although the discussion thus far has focused primarily on the 

ground transportation system, the basic concepts are applicable to 

any mode of transportation, be it by land, sea, or air. The trans- 

portation system is preceived to be a large evolving system that 

changes state by the addition, deletion, or modification of the 

elements which make up the system. At any point in time, system 

users can envision a state which is more desirable than the present 

state. The difference between the present state and the most desir- 

able state (the ideal state) defines the transportation problem. 

Formulating the transportation problem in this manner involves 

defining both the present and ideal states of the system. The 

first step in defining any system is the identification of its 

elements. The identification of the elements by the use of the 

hierarchical nature of complex systems resulted in a "picture1' of 

the present system which will now be called a descriptive model. 

(flore accurately, it is a descriptive model resulting from element 

identification through a hierarchical decomposition along functional 

guidelines.) This type of model has especially high utility as it 

has several useful feature. These features are enumerated below. 

6.1.1 

Because the transportation system is constantly changing state, 

a model that is applicable only to one specific state would have 

very low utility. The descriptive model presented is capable of 



accepting element additions, deletions, or modifications without 

losing its original integrity, i.e., a new element can be fitted 

unto the model or present elements can be deleted or modified 

without substantially altering the decomposition "tree" or in any 

way altering the decomposition principle. Thus, the model can be 

"carried along" the evolutionary path toward the ideal state. 

6.1.2 A Standard Decomposition 

A model of this type can provide standard groupings for com- 

piling statistical data and also for cataloguing research informa- 

tion. For example, reports containing information pertaining to 

elevated four-lane undivided surfaced roadways could be listed under 

its numerical designator, 5001010101030402. 

The adoption of a standard decomposition, along with the associ- 

ated standard definitions of elements, would greatly assist in 

alleviating the transportation semantics problem. For instance, is 

it primary, secondary, and tertiary roads, or parkways, thorough- 

fares, arterials and connectors, or is it freeways, major streets, 

collector streets, and local streets (60)? Standard definitions 

would not only aid communications within the field of transportation, 

but would also aid communication with other disciplines as the inter- 

disciplinary nature of transportation is fast being recognized. 

Here is an ancient fable to illustrate the importance of comrnunica- 

t ions. 

"And it came to pass ... that ... they said to one another 
let us build us a city, and a tower, whose top may reach 
unto Heaven... And the Lord came down to see the city and 
tower which the chi.ldren of man had builded, and the Lord 
said: 'Behold, they a r e  one people and t h ey  have all one 
language, and this is what they begin to do; and now noth- 
ing will be withholden from them, which they purpose to 



do. . .Let  us go down, and t h e r e  confound t h e i r  language, 
t h a t  they may n o t  understand one ano the r ' s  speech." 

So ... they l e f t  o f f  b u i l d i n g  t h e  c i t y . *  

Another important  f e a t u r e  i s  t h e  sys temat ic  method w i t h  which a  

h i e r a r c h i c a l  s tandard  decomposition could be adopted. The f i r s t  

s t e p  would be  t o  g a i n  gene ra l  acceptance f o r  t h e  d e f i n i t i o n s  of 

t h e  major elements.  D e f i n i t i o n s  f o r  subord ina te  elements would 

then have t o  be proposed and eva lua ted  from a u t i l i t y  s t andpo in t .  

This  procedure could be  cont inued u n t i l  a l l  e lements ,  t o  whatever 

degree of decomposition d e s i r e d ,  a r e  def ined .  

6.1.3 Applicable  a t  A l l  Levels  

The d e s c r i p t i v e  model a s  w e l l  a s  t h e  gene ra l  concept can be 

adopted a t  any l e v e l :  n a t i o n a l ,  r e g i o n a l ,  s t a t e ,  c i t y ,  e t c .  

Adoption o r  non-adoption a t  any l e v e l  does n o t  p rec lude  adopt ion 

a t  any o t h e r  l e v e l .  However, t h e  g r e a t e s t  b e n e f i t s  would be ob- 

t a ined  i f  t h e  o rde r  of adopt ion would be  from h igh  t o  lower l e v e l s ,  

i .e . ,  from n a t i o n a l  down. 

6.1.4 Suggested Organizat ion f o r  Research 

The adopt ion of a s tandard  decomposition, a long wi th  c o g n i t i o n  

of t h e  evolu t ionary  process ,  would a i d  i n  organiz ing  and d i r e c t i n g  

t h e  t r a n s p o r t a t i o n  r e sea rch  e f f o r t .  Research a r e a s  and respons i -  

b i l i t i e s  could be  ass igned  according t o  t h e  s tandard  decomposition. 

A t o t a l  r e sea rch  e f f o r t  could be organized t o  evolve t h e  system 

toward t h e  i d e a l  s t a t e .  The suggested o rgan iza t ion ,  i n  t h e  form 

of a  funct ional .  p roces s  diagram f o r  t h e  s e c t i o n  concerned wi th  

* A s  quoted by Ralph Borsodi i n  The D e f i n i t i o n  of D e f i n i t i o n  
(Boston: P o r t e r  Sargent ,  1967) ,  p. I. 



conveyances, i s  depic ted  i n  F igure  25. The t o t a l  o rgan iza t ion  con-  

sists sf seven s i m i l a r  s e c t i o n s ,  one f o r  each major element,  and 

a coo rd ina t ing  s e c t i o n .  The f u n c t i o n a l  p rocess  f o r  each section 

would be t h e  same a s  shown f o r  conveyances. 

6.2 
Behavior 

The t r i p  concept ,  though important  i n  t h e  development of t h e  

conceptual  framework, f i n d s  i t s  g r e a t e s t  usefu lness  i n  t h e  a n a l y s i s  

and understanding of t r a f f i c  flow and element behavior .  A t r i p  

has  been def ined  a s  any combination of e lements ,  a t  l e a s t  one element  

from each gene ra l  grouping. A s  t h e r e  a r e ,  t h e o r e t i c a l l y ,  and i n f i n i t e  

number of elements i n  t h e  system, t h e  number of t r i p s  i s  a l s o  

i n f i n i t e ,  However, t h e r e  a r e  r e l a t i v e l y  few t r i p s  of importance. 

C e r t a i n  elements  are "more l i k e l y "  t o  combine t o  form a t r i p  t han  

a r e  o t h e r  e lements ,  What type  of home does a  b l u e  c o l l a r  worker 

l i v e  i n ?  That type of c a r  does he  d r ive?  There is  h i s  most l i k e l y  

work l o c a t i o n ?  Where does he  go f o r  en te r ta inment?  Each element 

has  a  varying degree of " a f f i n i t y "  f o r  o t h e r  elements f o r  combining 

t o  form a t r i p ,  This  " a f f i n i t y "  is  h igh ly  dependent on such v a r i a b l e s  

a s  t he  day of t h e  week, t h e  t i m e  of t h e  day, t h e  weather cond i t i ons ,  

e t c .  The elements  of a  Monday morning work t r i p  have l i t t l e  

" a f f i n i t y i 1  f o r  each o t h e r  a t  2:00 p.m. on a Sunday a f te rnoon.  

The above specu la t i ons  a r e  p r i m a r i l y  i n  t h e  d i s c i p l i n e s  of 

s e c i s l ~ g y  and s o c i a l  psychology. The i r  r e l a t i o n  t o  t r a f f i c  flow 

a n a l y s i s  and t r a f f i c  volume p r e d i c t i o n  is a  good i n d i c a t o r  of t h e  

i n t e r d i s c i p l i n a r y  na tu re  of t r a n s p o r t a t i o n .  Although the  s u b j e c t  is 

i n t e r e s t i n g ,  f u r t h e r  i n v e s t i g a t i o n  2s o u t s i d e  t h e  scope of t h i s  pape r ,  
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6 . 3  

A t r i p  begins when the  Object  t o  be Transported moves and ends 

when it  reaches a recognized d e s t i n a t i o n .  A recognized d e s t i n a t i o n  

is  any l o c a t i o n  i d e n t i f i e d  a s  an  element i n  t h e  decomposition of 

the  major element,  d e s t i n a t i o n .  A journey is  defined a s  a s e r i e s  

of t r i p s  which r e s u l t s  i n  t h e  movement of t h e  OTHT from i ts  "home" 

back t o  i t s  o r i g i n a l  "home" o r  t o  i t s  new "home". Only the  "per- 

manent l oca t ion"  connotat ion of "home" is app l i cab le  here .  

The purpose of de f in ing  a journey i n  t h i s  manner is  t o  he lp  

a l l e v i a t e  t he  problems of i n t e r f a c e  by avoiding the  c r e a t i o n  of new 

ones. For example, under t h i s  concept ,  t h e  common bus iness  " t r i p "  

becomes a business  journey. The businessman makes a t r i p  from h i s  

home t o  a i r p o r t  "A", a t r i p  from a i r p o r t  "~1" t o  a i r p o r t  "B", a t r i p  

from a i r p o r t  "B" t o  a h o t e l ,  a t r i p  from the  h o t e l  back t o  a i r p o r t  

"B", a t r i p  from a i r p o r t  "B" back t o  a i r p o r t  "A", and f i n a l l y  a t r i p  

from a i r p o r t  "A" back t o  h i s  home. This  journey con ta ins  f i v e  

i n t e r f a c e s  ( t he  connecting l i n k  between t r i p s )  which must be  con- 

s idered  i n  any a t tempt  t o  reduce the  businessman's t o t a l  t r a v e l  

t i m e .  Past experience has  shown t h a t  decreas ing  t h e  a i r  t r a v e l  

time may i n  f a c t  i nc rease  t h e  t o t a l  journey time i f  the  i n t e r f a c e s  

a r e  not  considered. T r i p  i n t e r f a c e s  any important components of 

any journey and must be  considered i n  any ana lys i s .  

6.4 Conclusion 

The genera l  framework proposed was developed p r imar i ly  through 

a cogn i t i ve  process .  The approach has been more along t h e  l i n e s  of 

d iscover ing  the  framework r a t h e r  than developing a framework, The 

t r a n s p o r t a t i o n  system does e x i s t ,  i t s  components a r e  r e l a t e d ,  and - 



socio-economic cons ide ra t ions  & play an  important  r o l e .  

The framework al lows men t o  view t h e  system a s  a  l o g i c a l  whole 

and a t  t he  same t i n e  view i ts  components wi th  re ference  t o  t he  

whole and wi th  re ference  t o  man. A l l  d i s c i p l i n e s  wi th  any r e l a t i o n  

t o  t r a n s p o r t a t i o n  a r e  equal ly  " a t  home" under t h e  concept.  The 

e f f e c t  of r e l a t i v e l y  minor occurrences,  such a s  t h e  modi f ica t ion  of 

one p a r t i c u l a r  element,  can now be l o g i c a l l y  r e l a t e d  t o  t h e  whole. 

The s i g n i f i c a n c e  of r e l a t i v e  l i m i t e d  research  e f f o r t s  (e.g. ,  t h e  

de te rmina t ion  of s topping d i s t a n c e s ,  a  c h a r a c t e r i s t i c  of a  convey- 

ance) can now be eva lua ted  i n  view of a  t o t a l  e f f o r t  t o  evolve t h e  

system t o  a  more d e s i r a b l e  s t a t e .  

The f e a t u r e s  d iscussed  above e s t a b l i s h  t h e  u t i l i t y  of t h e  

proposed gene ra l  framework f o r  t h e  t r a n s p o r t a t i o n  system. 



CHAPTER V I I  

CAPABILITIES OF 
THE MISSISSIPPI TEST FACILITY 
M?D SUGGESTED RESEARCH TOPICS 

7 . 1  The C a p a b i l i t i e s  of t h e  H i s s i s s i p p i  T e s t  F a c i l i t y  

M i s s i s s i p p i  T e s t  F a c i l i t y  i s  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  

t r a n s p o r t a t i o n  r e s e a r c h .  The i n - p l a c e ,  o n - s i t e  c a p a b i l i t i e s  p r o v i d e  

a n  impress ive  p h y s i c a l  p l a n t  encompassing t h e  e n t i r e  spec t rum of 

s u p p o r t  a c t i v i t i e s  which a r e  r e a d i l y  a v a i l a b l e  f o r  (and a p p l i c a b l e  t o )  

t r a n s p o r t a t i o n  r e s e a r c h  needs .  A v a i l a b l e  s e r v i c e s  range  from modern 

d a t a  a c q u i s i t i o n  sys tems th rough  complex d a t a  hand l ing  sys tems ,  

numerous p r o c e s s i n g  equipment,  s a f e t y  sys tems ,  medical  s e r v i c e s ,  

massive  c r a n e s ,  t o  p o l l u t i o n  measurement and a n a l y s i s  equipment.  

NASA r e p o r t  e n t i t l e d ,  T r a n s p o r t a t i o n  Systems T e s t i n g  a t  NASA-MTF*, 

p r o v i d e s  a  s y n o p t i c  d i s c u s s i o n  of t h o s e  f a c i l i t i e s  and s e r v i c e s  of 

i n t e r e s t .  

The d i s c u s s i o n  i n c l u d e s :  

I n s t r u m e n t a t i o n  and Other  T e c h n i c a l  Support  - A 
comprehensive,  t a b u l a r  p r e s e n t a t i o n  of i n - p l a c e  
equipment and s e r v i c e .  

Opera t ion  Support  - A n a r r a t i v e  o f  f a c i l i t y - w i d e ,  
b a s e  t y p e  i n t e g r a t i n g  s e r v i c e s  a v a i l a b l e .  

U t i l i t i e s  - A n a r r a t i v e  o f  t h e  i n - p l a c e  and 
o p e r a t i n g  u t i l i t i e s  i n c l u d i n g  t h e  r a i l r o a d  and 
waterway. 

Flanagement Approach - A n a r r a t i v e  of E4TF1s opera- 
t i o n a l  t e c h n i q u e s .  

S a f e t y ,  Heal-th,  and Q u a l i t y  Control  Programs - A 
narra t ive  of t h e s e  v a t a l ,  s i t e - w i d e  suppo r t  
f u n c t i o n s .  

"NASA, T r a n s p o r t a t i o n  Systems T e s t i n g  a t  NASA-HTF, (Bay S a i n t  
Louis ,  M i s s , :  'FITF, 1969) 



T e c h n i c a l  P e r s o n n e l  and S e r v i c e s  - A s t a t e m e n t  of PITF's 
human r e s o u r c e s .  

1 . i i s s i s s i p p i  T e s t  F a c i l i t i e s ' s  c a p a b i l i t i e s  make i t  e s p e c i a l l y  

w e l l  s u i t e d  f o r  r e s e a r c h  s t u d i e s  on f i v e  (Object  t o  be T r a n s p o r t e d ,  

Conveyance, Conveyance C o n t r o l l e r ,  The Way, and The T e g u l a t i n g  System) 

of t h e  seven  major  e lements  of t h e  ground t r a n s p o r t a t i o n  system. Under 

t h e  r e s e a r c h  concept  p r e s e n t e d  i n  t h i s  r e p o r t ,  t h e  major a r e a s  o f  

r e s e a r c h  would b e  i n  (a)  v e r i f y i n g  and r e v i s i n g  t h e  decomposi t ion 

a l r e a d y  p r e s e n t e d ,  (b) de te rmin ing  t h e  f u n c t i o n a l  c h a r a c t e r i s t i c s  of 

e x i s t i n g  e lements ,  and ( c )  de te rmin ing  t h e  i n t e r a c t i o n  between d i f -  

f e r e n t  e lements  of t h e  system. Of s p e c i a l  i n t e r e s t  is t h e  Conveyance 

Contra l ler /Conveyance (man-machine) i n t e r a c t i o n s .  

7.2 Xesearch O b j e c t i v e s  and R e l a t e  Research Topics  

T h i s  s e c t i o n  p r e s e n t s ,  i n  o u t l i n e  from, sugges ted  r e s e a r c h  

which cou ld  b e  accomplished a t  2 . f i s s i s s i p p i  T e s t  F a c i l i t y .  The r e s e a r c h  

t o p i c s  are l i s t e d  under  o b j e c t i v e s  s u b o r d i n a t e  t o  t h e  major  o b j e c t i v e s  

d i s c u s s e d  i n  s e c t i o n  7.1.  For completeness ,  a l l  seven major  e lements  

are i n c l u d e d .  Two-element i n t e r a c t i o n s  a r e  a l s o  i n c l u d e d  t o  demons t ra te  

how t h e  decomposi t ion of t h e  e lements  f a c i l i t a t e s  t h e  c o n s i d e r a t i o n  of 

a l l  p o s s i b l e  i n t e r a c t i o n s .  

For r e f e r e n c e  t o  t h e  r e s e a r c h  t o p i c  o u t l i n e ,  a l a b e l i n g  scheme 

h a s  been employed. Each e lement  i s  i d e n t i f i e d  by i t s  numer ica l  

d e s i g n a t o r ;  r e s e a r c h  o b j e c t i v e s  under  each e lement  a r e  i d e n t i f i e d  

by c a p i t a l  l e t t e r s ;  and s p e c i f i c  r e s e a r c h  t o p i c s  a r e  numbered i n  

sequence under each research objec t ive .  For example, 30A2, refers  t o  

t h e  second t o p i c  under t h e  f i r s t  o b j e c t i v e  i n  t h e  s t u d y  of conveyances.  

The term ( 3 0 - 4 0 ) ,  r e f e r s  t o  a Conveyance/Conveyance C o n t r o l l e r  

i n t e r a c t i o n .  



10 Origin 

A. VerifyIRevise decomposition 

I ,  Analysis of Literature 

2. Contact with location-classification aeencies at all 
levels (federal, state, local). 

B. Determine functional characteristics of each element of 
Origin 

1. Lighting characteristics. 

2 .  Surface weight limitations. 

10-10 Originlorigin interaction 

A. ~volbtionar~ : Deternine characteristics required of 
elements of Origin by other elements of Origin if the 
system is to function harmoniously. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of Origin and other elements of Origin. 

10-20 Origin/OBTB interaction 

A. Evolutionary: Determine characteristics required of 
elements of Origin by other elements of Origin if the 
system is to function harmoniously. 

B. Functional Traffic Analysis: Determine correlation 
between elements of Origin and elements of OTBT. 

10-30 OriginlConveyance interaction 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance by elements of Origin if the 
system is to function harmoniously. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of Origin and elements of Conveyance. 

I. Optimal use of parking space. 

2. Optimal entrance and exit characteristics of Origins. 

10-40 Origin/Conveyance Controller interaction 

A. Evolutio~lary: Determine characteristics required of 
elements of Conveyance Controller by elements of Origin 
if the system is to function harmoniously. 



B. Punctional/Traffie Analysis: Determine correlations 
between elements of Origin and elements of Conveyance 
Controller. 

10-50 Origin/The Way interactions 

A. Evolutionary: Determine characteristics required of 
elements of The Way by elements of Origin if the system 
is to function harmoniously. 

1. Land use studies. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of Origin and elements of The Way. 

10-60 Origin/Regulating System interactions 

A. Evolutionary: Determine characteristics required of ele- 
ments'of the Rezulating System by elements of Origin if 
the system is to function harmoniously. 

1. Construction standards. 

2. Inspection procedures 

3. Zoning 

4. Parking laws 

B. l'unctional/Traffic Analysis: Determine correlations 
behreen elements of Ofigin and elements of Regulating 
System. 

10-70 OriginlDestination interactions 

A, Evolutionary: Determine characteristics required of 
elements of Destination by elements of Origin if the 
system is to function harmoniously. 

R .  Functional/Traffic Analysis: Determine correlations 
between elements of Origin and elements of Destination. 



20 Object  t o  be  Transpor ted  (OTBT) 

A .  Ver i f  y /Revise  decomposi t ion 

1. U s e  s t a t i s t i c a E  t e c h n i q u e s  t o  de te rmine  g roup ings .  
A l l  human b e i n g s  t o  b e  t r a n s p o r t e d  may be  grouped 
by such v a r i a b l e s  as age ,  s e x ,  p h y s i c a l  d i n e n s i o n s ,  
s t a t e  of h e a l t h ,  e t c .  

2.  A n a l y s i s  of a c c i d e n t  r e p o r t s .  

B. Determine f u n c t i o n a l  c h a r a c t e r i s t i c s  of each e lement  of 
OTBT . 

1. Limb movement. 

2 .  Limb p o s i t i o n i n g .  

20-10 ~ T R T / O r i g i n  i n t e r a c t i o n  

A .  Evolu t ionary :  Determine c h a r a c t e r i s t i c s  r e q u i r e d  of 
e lements  of O r i g i n  by e lements  o f  OTBT i f  t h e  sys tem 
i s  t o  f u n c t i o n  harmoniously.  

B. ~ u n c t i o n a l / T r a f f i c  A n a l y s i s :  s e e  (10-20)B 

20-20 OTBT/OTBT i n t e r a c t i o n  

A .  Evolu t ionary :  Determine c h a r a c t e r i s t i c s  r e q u i r e d  of 
e lements  of OTBT by o t h e r  e lements  of OTBT i f  t h e  
sys tem is  t o  f u n c t i o n  harmoniously.  

B. ~ u n c t i o n a l / T r a f f i c  A n a l y s i s :  Determine c o r r e l a t i o n s  
between e lements  of OTBT and o t h e r  e lements  of OTBT. 

20-30  conv conveyance i n t e r a c t i o n  

A. Evolu t ionary :  Determine c h a r a c t e r i s t i c s  r e q u i r e d  of 
e lements  of Conveyance by e lements  of OTBT i f  t h e  sys tem 
i s  t o  f u n c t i o n  harmoniously .  

1. Development and e v a l u a t i o n  of " s a f e t y "  components 
f o r  ground v e h i c l e s  when submerged. 

2.  OTBT r e s t r a i n i n g  d e v i c e s  ( s e a t  b e l t s ,  e t c . ) .  

3 ,  OTBT - Conveyance impact s t u d i e s .  

4 .  Loca t ion  o f  comfort/conveyance f e a t u r e s .  

a .  P o s i t i o n  of s e a t s .  

b.  Loca t ion  of arm r e s t .  



c. Location of ash trays, etc. 

5. Design of c~nve'~ance to prevent injury to OTBT in 
crash. 

6. Entering and exiting characteristics. 

R. Functional/Traffic Analysis: Determine correlations 
between elements of OTBT and elements of Conveyance. 

20-40 OTBT/Conveyance Controller interaction 

A .  Evolutionary: Determine characteristics required of 
elements of Conveyance Controller by elements of OTBT 
if the system is to function harmoniously. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of OTBT and elements of Conveyance 
Controller. 

20-50 OTBTIThe Way interactions 

A. Evolutionary: Determine characteristics required of 
elements of The \.lay by elements of OTBT if the system 
is to function harmoniously. 

1. Aesthetics. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of OTBT and elements of The Way. 

1. Special routes for OTBT. 

20-60 OTBT/Regulating System interaction 

A. Evolutionary: Determine characteristics required of 
elements of Regulating System by elements of OTBT if 
system is to function harmoniously. 

1. Safety laws. 

2 .  Route law. 

B. Punctional/Traffic Analysis: Determine correlation 
between elements of the Regulating System. 

20-70 OTET/Destination interaction 

A. Evolutionary: Determine characteristics required of 
elements of Destination by elements of OTBT if the 
system is to function harmoniously. 



1. Shelter requirements, 

2. Lighting requirements. 

R .  ~unctional/Traffic Analysis: Determine correlations 
between elements of OTET and elements of Destination. 



30 Conveyance 

A. VerifylRevise decomposition 

1. Analysis of vehicle registration information. 

2. Analysis of accident reports 

3. Census of vehicles. 

4. Manufacturers classifications. 

5. Classifications by vehicle servicing facilities. 

6. Classifications by vehicle regulating laws. 

B Determine functional characteristics of each element of 
Conveyance. 

1. Analysis of manufacturer's data, past research, and 
new research. 

a. Braking - all phases. 

b. Steering. 

c . Lighting . 
d. Crash characteristics 

(1) Vehicle to vehicle. 

(2) Vehicle to static object. 

2. Development of analytical methods to determine the 
most effective means of vehicle test. 

3 .  Development of numerical analysis methods for stress 
distribution in vehicle shells. 

4. Verification of the above with full scale crash test. 

5. Full scale testing to analyze safety of vehicle geo- 
metric~. 

6. Full scale testing of vehicle controls (steering, 
brakes, etc.) 

7. Tire testing, standardization and evaluation. 

8. Survival in 'Submerged" ground vehicles, the perfor- 
mance of vital components of vehicles such as windows, 
doors, etc. when submerged, 



9. Study of hydroplanning. 

10. Evaluation, development, and alalysis of shock absorption 
devices. 

11. Anlbulance safety studies . 
39-10 Conveyance/~rigin interaction 

A. Evolutionary: Determine characteristics required of 
elements of Origin by elements of Conveyance if the 
system is to function harmoniously. 

1. Physical dimensions. 

2. Surface strength requirements. 

B Punctional/Traffic Analysis: see (10-30)B. 

30-20 Conveyance/OTBT interaction 

A. Evolutionary: Determine characteristics required of 
elements of OTRT by elements of Conveyance if the system 
is to function harmoniously. 

B Functional/Traffic Analysis: see (20-30)B. 

30-30 Conveyance/Conveyance interaction 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance by other elements of Conveyance 
if the system is to function harmoniously. 

1. Power requirements. 

2. Speed requirements. 

B. ~unctional/~raffic Analysis: Determine correlations 
between elements of Conveyance and other elements of 
Conveyance . 

30-40 Conveyance/Conveyance Controller interaction 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance Controller by elements of 
Conveyance if the system is to function harmoniously. 

I. Driving s k i l l ,  

2. Visual requirements. 

3. Audio requirements. 

4. Physical dimensions 



5. Strength. 

E. Functional/Traffic Analysis: Determine correlations 
between elements of Conveyance and elements of Conveyance 
Controller. 

30-50 Conveyance/The Way interactions 

A. Evolutionary: Determine characteristics required of 
elements of The Way by elements of Conveyance if the 
system is to function harmoniously. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of Conveyance and elements of The 1Jay. 

30-60 Conveyance/Kegulating System interaction 

A. Evolutionary: Determine characteristics required of 
elements of Regulating System by elements of Conveyance 
if the system is to function harmoniously. 

1. Placement of signs and signals. 

2.  fianufacturing standards. 

3. Speed limits, 

4. Routing laws. 

5. Speed detection devices. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of conveyance and elements of Regulating 
Sys tern. 

1. Effectiveness of guardrails in preventing damage to 
vehicles other than the one crashing against 'them 
(see also 60B). 

2. Effectiveness of guardrails in preventing damage to 
crashing vehicles and its contents. 

30-70 Conveyance/Destination interaction 

A. Evolutionary: Determine characteristics required of 
elements of Destination by elements of Conveyance if 
the system is to function harmoniously. 

1. Loading and unloading characteristics. 

2. Physical dimensions. 

. Functional/Traffic Analysis: Determine correlations 
between elements of Conveyance and elements of Destina- 
tion. 



40 Conveyance Con t ro l l e r  

A .  Verify/Revise decomposition 

1. Analysis of d r i v e r  r e g i s t r a t i o n  information.  

2 .  Analysis of acc iden t  r e p o r t s .  

3 .  Consul ta t ion  wi th  p ro fe s s iona l s  i n  t he  s o c i a l  d i s c i -  
p l i n e s .  

4. U. S. Census. 

B. Determine functional characteristics of each element of 
Conveyance C o n t r o l l e r .  

1. Use of a l c o h o l i c  beverages by d r i v e r .  

2. U s e  of drugs by d r i v e r .  

3 .  Driver  educa t ion .  

4. The e f f e c t  of socio-economical environments of a 
d r i v e r  on h i s  c a p a b i l i t i e s  as a  veh ic l e  c o n t r o l l e r .  

5. The e f f e c t  of a i r  p o l l u t i o n  on t h e  d r i v e r  performance. 

6 .  The e f f e c t  of n o i s e  p o l l u t i o n  on the  d r i v e r  per for -  
mance. 

7 .  The e f f e c t  of "sound e f f e c t s "  t ransmi t ted  through c a r  
r ad ios  on the performance of t h e  d r i v e r .  

40-10 Conveyance Con t ro l l e r /Or ig in  i n t e r a c t i o n  

A .  Evolutionary: Determine c h a r a c t e r i s t i c s  requi red  of 
elements of Or ig in  by elements of Conveyance Con t ro l l e r  
i f  t h e  system i s  t o  func t ion  harmoniously. 

B. Func t iona l /T ra f f i c  Analysis :  See (10-40)B. 

40-20 Conveyance Controller/OTBT i n t e r a c t i o n  

A .  Evolutionary: Determine c l ~ a r a c t e r i s t i c s  requi red  of 
elements of OTBT by elertlents of Conveyance i f  t h e  system 
i s  t o  func t ion  harmoniously. 

B.  Svnct ional /Traff  i c  i lna lys i s  : See (20 -49 )  E. 

40-30 Conveyance Controller/Conveyance i n t e r a c t i o n  

A.  E-volutionary: Determine c h a r a c t e r i s t i c s  requi red  of 
e l e~nen t s  of conveyance by e l e~nen t s  of Conveyance Con t ro l l e r  
i f  the  system i s  t o  func t ion  hamoniously.  



D.  Functional/Traffic Analysis: See (30-40)B. 

40-40 Conveyance ~ontroller/~onve~ance Controller interaction 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance Controller by other elements of 
Conveyance Controller if the system is to function 
harnoniously . 

B. Functional/Traffic Analysis: Determine correlations 
between elements of Conveyance Controller and other 
elements of Conveyance Controller. 

40-50 Conveyance Controller/The ?Jay interactions 

A. Evolutionary: Determine characteristics required of 
elements of The \Jay by elenents of Conveyance Controller 
if the system is to function harmoniously. 

R ,  Functional/Traffic Analysis: Determine correlations 
between elements of Conveyance Con troller and elements 
of The Way. 

40-60 Conveyance Controller/Regulating System interaction 

A. Evolutionary: Determine characteristics required of 
elements of Xegulating System by elements of Conveyance 
Controller if the system is to function harmoniously. 

1. Drivers' licensing. 

2. Laws pertaining to the use of drugs by drivers. 

3. Laws pertaining to the use of alcohol by drivers. 

4. Sign location and height. 

5. Sign language. 

6. Signal location and height. 

7. Signal language. 

S. Visual and physiological effects of the design of 
guardrails on the performance of the driver (the shape, 
location and the size of guardrails in relation to 
the driver). 

9. Identification of the aEcoholics and DIJI. 

10. :Iedical verification of the above. 



11. Development of l e g i s l a t i o n  t o  enable the  law enforce- 
ment o f f i c e r s  t o  c o l l e c t  evidence of DWI. 

1 2 .  The t rea tment  of roads ide  s t o r e s ,  b a r s ,  e t c .  d i spens ing  
a l coho l  t o  d r i v e r s .  

13. Placement s tandards  of r e f l e c t o r i z e d  markers. 

D. Func t iona l /T ra f f i c  Analysis :  Determine c o r r e l a t i o n s  
between elements of Conveyance Con t ro l l e r  and elements of 
Regulating System. 

1. Analysis  of t r a f f i c  laws. 

2. Analysis  of enforcement of t r a f f i c  laws .  

50-70 Conveyance Con t ro l l e r /Des t ina t ion  i n t e r a c t i o n  

A .  Evolutionary: Determine c h a r a c t e r i s t i c s  requi red  of 
elements of Des t ina t ion  by elements of Conveyance 
Con t ro l l e r  i f  t h e  system i s  t o  func t ion  harmoniously. 

B. P u n c t i o n a l / ~ r a f f i c  Analysis :  Determine c o r r e l a t i o n s  
between elements of Conveyance Con t ro l l e r  and elements of 
Des t ina t ion .  



50 The \Jay 

1. Analysis of accident reports. 

2. Consultation with highway officials. 

B. Determine functional characteristics of each element of 
The Way. 

1. Studies of Flay geornetrics. 

2. Studies of structural integrity. 

50-10 The \Jaylorigin interactions 

A. Evolutionary: Determine characteristics required of 
elements of Origin by elements of The Way if the 
system is to function harmoniously. 

X, Functional/Traffic analysis: See (10-50)B. 

50-20 The TJay/OTBT interaction 

A. Evolutionary: Determine characteristics required of 
elements of OTBT hy elements of The Way if the system 
is to function harmoniously. 

B. Functional/Traffic Analysis: See (20-50)B. 

50-30 The Way/Conveyance interaction 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance by elements of The Way if the 
system is to function harmoniously. 

1. Size restrictions. 

2. Weight restrictions. 

3. Turning characteristics. 

4. Tire characteristics. 

5. Pover requirements. 

93. ~unctional/~raffic Analysis: See (30-50)B. 

50-40 The \lay /~onve~ance Controller interaction. 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance Controller, by elements of The Way 



i f  t h e  system is  t o  func t ion  harmoniously. 

B.  F u n c t i o n a l / ~ r a f f i c  Analysis :  See (50-50)B. 

50-50 The Way/The Way i n t e r a c t i o n  

A .  Evolut ionary:  Determine c h a r a c t e r i s t i c s  r equ i r ed  of 
elements of The Way by o t h e r  e lements  of The Way i f  tile 
system i s  t o  func t ion  harmoniously. 

B. Punc t iona l /T ra f f i c  Analysis :  Determine c o r r e l a t i o n s  
between elements  of The and o t h e r  elements of The 
Way. 

50-60 The fday/Regulating Sys tem i n t e r a c t i o n  

I;. Evolut ionary:  Determine c h a r a c t e r i s t i c s  r equ i r ed  of 
e lements  of t h e  Regulat ing System by elements of The 
Way i f  t h e  system i s  t o  func t ion  harmoniously. 

R.  Punc t iona l /T ra f f i c  Analys i s :  Determine c o r r e l a t i o n s  
between elements  of The Way and elements of t h e  
Regulat ing System. 

50-70 The TJay/Destination i n t e r a c t i o n  

A .  Evolut ionary:  Determine c h a r a c t e r i s t i c s  r equ i r ed  of 
e lements  of Des t ina t ion  by elements of The Way i f  t h e  
system i s  t o  func t ion  harmoniously. 

B. F u n c t i o n a l / ~ r a f f i c  Analysis :  Determine c o r r e l a t i o n s  
between e lements  of The Way and elements of Des t ina t ion .  



60-10 Regulating System/Origin interaction 

A. Evolutionary: Determine characteristics required of 
elements of Origin by elements of Regulating System if 
system is to function harmoniously. 

R. Functional/Traffic Analysis: See (10-60)B. 

60-20 Regulating System/OTBT interaction 

A. Evolutionary: Determine characteristics required of 
elements of Regulating System if the system is to function 
harmoniously. 

R .  Functional/Traffic Analysis: See (30-60)B. 

60-30 Regulating System/Conveyance interaction 

A .  Determine characteristics required of elements of Con- 
veyance by elements of Begulating System if the system 
is to function harmoniously. 

B. Functional/Traffic Analysis: See (30-60)B. 

60-40 Regulating System/Conveyance Controller interaction 

A.  Evolutionary: Determine characteristics required of 
elements of Conveyance Controller by elements of Regulating 
System if the system is to function harmoniously. 

B. ~unctional/Traffic Analysis: See (40-60)B. 

60-50 Regulating System/The \.Jay interaction 

A, Evolutionary: Determine characteristics required of 
elements of The Wag by elements of EEgulating System if 
the system is to function harmoniously. 

B. ?unctional/Traffic Analysis: See (50-60)B. 

60-60 Regulating System/YLegu1ating System interaction 

A. Evolutionary: Determine characteristics required of 
elements of Regulating System by other elements of 
Regulating Systent if the system is to function harmon- 
iously. 

B. ~unctional/Traffic t'inalysis: Determine correlations 
between elements of Regulating System and other elements 
of Zegulating System. 



60 R e g u l a t i n g  System 

I. Ver i fy /Revise  decomposi t ion 

1. Study of e x i s t i n g  1a.r.r~. 

2 .  Study of law enforcement  o r g a n i z a t i o n s .  

3 .  Study of v a r i o u s  t y p e s  of s i g n s ,  s i g n a l s ,  e t c .  

R .  Determine f ~ m c t i o n a l  c h a r a c t e r i s t i c s  of each e lement  of 
Regula t ing  System. 

1. E f f e c t i v e n e s s  of g u a r d r a i l s  i n  p r e v e n t i n g  damage t o  
v e l ~ i c l e s  o t h e r  t h a n  one c r a s h i n g  a g a i n s t  them ( s e e  
a l s o  (30-60)B. 

2 .  effectiveness of g u a r d r a i l s  i n  p r e v e n t i n g  damage t o  
c r a s h i n g  v e h i c l e  and i t s  c o n t e n t s  ( see  a l s o  (30-60)B. 

3 .  Energy a b s o r p t i o n  c h a r a c t e r i s t i c s  of g u a r d r a i l s  and 
o t h e r  t y p e s  of b a r r i c a d e s .  

4 .  V i s i b i l i t y  o f  s i g n s  under v a r i o u s  env i ronmenta l  con- 
d i t i o n s .  

5. E f f e c t i v e n e s s  of r e f l e c t i v e  s i g n s .  

6. E f f e c t i v e n e s s  of l i g h t e d  s i g n s  and v a r i o u s  l i g h t i n g  
schemes. 

7 .  S ign  s t r u c t u r e s ,  t h e i r  s t r u c t u r a l  i n t e g r i t y ,  and t h e i r  
r e l a t i o n  to. roadway s a f e t y .  

8. V i s i b i l i t y  of s i g n a l s  under  v a r i o u s  env i ronmenta l  con- 
d i t i o n s .  

9. E f f e c t i v e n e s s  of r e f l e c t i v e  s i g n a l s .  

LO.  E f f e c t i v e n e s s  of l i g h t e d  s i g n a l s  and v a r i o u s  l i g h t i n g  
schemes. 

11. S i g n a l  s t r u c t u r e s ,  t h e i r  s t r u c t u r a l  i n t e g r i t y ,  and t h e i r  
r e l a t i o n  t o  roadbray s a f e t y  . 

1 2 .  E f f c c t i v c n e s s  of r e f l e c t o r i z e d  markers  under v a r i o u s  
weather  c o n d i t i o n s .  

13. D u r a b i l i t y  of r e f l e c t o r i z e c l  markers .  



60-70 Xegulating Sys tem/Des tination interaction 

A. Evolutionary: Determine characteristics required of 
elements of Destination by elements of Kegulating Systen 
if the system is to function harmoniously. 

B. ~unctional/Traffic Analysis: Determine correlations 
between elements of Regulating System and elements of 
Iles tina t ion, 



70 Destination 

A. VerifyIRevise decomposition 

I. See 70A 

B. Determine functional characteristics of each element 
of Destination. 

70-10 Destination/Origin interaction 

A. Evolutionary: Determine characteristics required of 
elements of Destination by elements of Origin if the 
system is to function harmoniously. 

B. ' Functional/Traffic Analysis: See (10-70)B. 

70-20 Destinati~n/OTBT interaction 

A. Evolutionary: Determine characteristics required of 
elements of OTBT by elements of Destination if the system 
is to function harmoniously. 

B. Functional/Traffic Analysis: See (20-70)B. 

70-30 Destination/Conveyance Controller interaction 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance Controller by elements of Destina- 
tion if the system is to function harmoniously. 

B. ~unctional/Traffic Analysis: See (40-70)B. 

70-40 Destination/Conveyance Controller interaction 

A. Evolutionary: Determine characteristics required of 
elements of Conveyance Controller by elements of. 
Destination if the system is to function harmoniously. 

R. Functional/Traffic Analysis: See (40-70)E. 

70-50 DestinationlThe Way interaction 

A. Evolutionary: Determine characteristics required of 
elements of The Way by elements of Destination if the 
system is to function harmoniously. 

E. Functional/Traffic Analysis: See (50-70)E. 

70-60 ~estination/Regulating System interaction 

A. Evolutionary: Determine characteristics required of 
elements of Regulating System by elements of Destination 
if the system is to function harmoniously. 



B. Functional/Traffic Analysis; See (60-70)R. 

A. Evolutionary: Determine characteristics required of 
elements of Destination by other elements of Destina- 
tion if the system is to function harmoniously. 

B. Functional/Traffic Analysis: Determine correlations 
between elements of Destination and other elements of 
Destination. 
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APPENDIX I 

GLOSSARY 



COXVEYANCE- The device which i s  t h e  i n t e r f a c e  between the  objec t -  

to-be-transported (OTBT) and the  way system. An OTBT 

may se rve  a s  i t s  o m  conveyance. 

CONVEYLVCE CONTXOLLER- The device  t h a t  r e g u l a t e s  t h e  degrees of 

freedom i n  t h e  province of t he  conveyance. An automo- 

b i l e  ( t h e  conveyance) normally has  two degrees of f r e e -  

dom; i t s  l a t e r a l  d i r e c t i o n  and speed. The device  which 

r e g u l a t e s  i t s  d i r e c t i o n  and speed (normally a man) i s  t h e  

conveyance c o n t r o l l e r .  

"CONVEYA3CE GUIDING"  WAY L I N K  - A way l i n k  which guides t h e  convey- 

ance along a predetermined course.  

DESTINATIOH- The l o c a t i o n  of t h e  OTBT a t  t h e  end of t he  t r i p .  

ELEIENT- Any grouping of components of t he  t r a n s p o r t a t i o n  system. 

Conveyances, c o l l e c t i v e l y ,  c o n s t i t u t e  an  element a s  do 

automobiles.  

"FREE" CONVEYANCE- A conveyance which has "d i rec t ion"  a s  a degree of 

freedom. Automobiles and a i r p l a n e s  a r e  " f ree"  conveyances 

whi le  rai lway t r a i n s  a r e  no t  because t h e i r  d i r e c t i o n  is 

determined by t h e  way_ on which they t r a v e l .  

"FREE CONVEYANCE" WAY LI1K- A way l i n k  normally t r ave r sed  by " f ree"  

conveyances. 

GOODS- A l l  o b j e c t s ,  o t h e r  then l i v e  cargo,  which can be t r anspor t ed .  

"GUIDED" CONVEYmICX- A conveyance which does not  have "d i r ec t ion"  a s  

a degree of freedom. A rai lway t r a i n  whose d i r e c t i o n  i s  

deteruiined by t h e  on which i t  t r a v e l s  is  a "guided" 

conveyance. 



IDEAL ELB,iENT- An ideal element is an element that functions in 

complete harmony with existing system. 

"INFORMATION" COF@IUNICATION TO CONVEYANCE CONTROLLER- All devices 

(stop signs, directional signs, traffic signals, etc.) 

which transmit information about the system to the 

conveyance controller. 

JOURNEY- A series of trips which results in the movement of the OTBT 

from its "home" back to its original home or to its new home. 

Only the "permanent location" connotation of "home" is 

applicable here. 

LAW EiJFC)RCEfENT ELBIENT- All individuals and agencies charged with 

inforcing transportation related laws. This includes, not 

only traffic police, but inspectors ensuring compliance 

with manufacturing standards, road construction standards, 

etc. 

LIVE CARGO- An object ot be transported which is alive (or has 

recently been alive) and of which the maintenance of life 

is a major transporting characteristic. Under this 

definition, a human corpse would be included in live 

cargo while an apple (a seed which is technically alive) 

would not be. 

OBJECT TO BE TRANSPORTED- The person or thing to be transported. 

ORIGIN- The location of the object to be transported at the begin- 

ning of the trip. 

PARTICIPATING SPORTS CENTEX- A facility whose primary function is 

to provide for the active participation of individuals in 

a sports event (e.g. a swimming pool, bowling alley, etc). 



UGULATING SYSTDi- The s e t  of devices  (laws, t r a f f i c  s i g n s ,  p o l i c e ,  

e t c . )  which provide f o r  t h e  e f f i c i e n t  and r a t i o n a l  opera- 

t i o n  of the  system. 

SPECTATOR SPORTS CENTER- A f a c i l i t y  whose primary func t ion  is  t o  

provide housing f o r  t h e  viewing of a  s p o r t s  event  (e.g. a  

f o o t b a l l  stadium). 

TRANSPORTATION SYSTRI- A l l  o b j e c t s  (with t h e i r  a t t r i b u t e s )  from t h e  

seven genera l  groupings make up the  s t a t i c  t r a n s p o r t a t i o n  

system. The conglomeration of a l l  t r i p s  make up the  

dynamic system. 

TRANSPORTATION TEFNINAL- A t r a n s p o r t a t i o n  te rmina l  may f u n c t i o n  a s  a 

boarding te rmina l  and/or  a n  a l i g h t i n g  te rmina l .  A board- 

i ng  te rmina l  i s  a  f a c i l i t y  whose primary func t ion  is  t o  

provide f o r  t h e  p l ac ing  of t h e  o b j e c t  t o  be t r anspor t ed  on 

t h e  app ropr i a t e  conveyance. An a l i g h t i n g  te rmina l  is a 

f a c i l i t y  whose primary func t ion  is  t o  provide f o r  t h e  

removal of t h e  o b j e c t  t o  be t ranspor ted  from a conveyance. 

TRIP- Any combination of elements,  a t  l e a s t  one from each gene ra l  - 
grouping. A t r i p  begins when t h e  OTBT moves and ends when 

i t  reaches a  recognized d e s t i n a t i o n .  

WAY- The path t r ave r sed  by t h e  OTBT i n  moving from i ts  o r i g i n  t o  - 
i t s  d e s t i n a t i o n .  

WAY INTERSECTION- A f a c i l i t y  which permits  a  conveyance t o  move from 

one way l i n k  t o  another .  

WAY LINK-  A path on which a  conveyance moves between way i n t e r s e c -  

t i o n s .  
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ORIGIN 

10 Origin 

01  Residence 

01  Housing Unit  

01 S ingle  fami ly  house 

02 Two fami ly  house 

03 Three family house 

04 Four fami ly  house 

05 Row llouse 

06 Apartment 

07 Other types 

02 Group Quar te rs  

01  Hotel  

02 lfiotel 

03 Rooming house 

04 Dormitory 

05 Ins  t i  t u  t i o n  

06 Nurses homes 

07 N i l i t a r y  and o t h e r  type b a r i c k s  

08 F r a t e r n i t y  house 

09 Soro r i ty  house 

10 Convent 

11 Ifonas te r ies  

02 Medical and o t h e r  h e a l t h  s e rv i ces  c e n t e r s  

01  Off ices  of phys ic ians  and surgeons 

02 Of f i ce s  of d e n t i s t s  and d e n t a l  surgeons 

03 Off ices  of o s t eopa th i c  phys ic ians  



84 O f f i c e s  of ch i rop rac to r s  

05 Hosp i t a l s  

01  1-sylums , medical 

02 C l i n i c s ,  operated by h o s p i t a l s  

03 Dispensar ies ,  opera ted  by h o s p i t a l s  

04 General Hospi ta l s  

05 Mental h o s p i t a l s  

06 Nurses' t r a i n i n g  schools  

07 Tuberculosis  s a n i t o r i a  wi th  medical c a r e  

06 Xedical  and d e n t a l  l a b o r a t o r i e s  

07 Heal th and a l l i e d  s e r v i c e s ,  n o t  elsewhere c l a s s i f i e d  

0 1  S a n i t o r i a  and convalescent  and r e s t  homes 

02 Health and appl ied  s e r v i c e s ,  no t  elsewhere c l a s s i f i e d  

03  Socia l  and r e c r e a t i o n a l  c e n t e r  

0 1  llovie t h e a t e r s  

01 $lovie house 

02 Drive-in t h e a t e r s  

02 Live-performance t h e a t e r  

0 3  Parks 

04 Museums, g a l l e r i e s  

05 Spor ts  c e n t e r  

0 1  Spec ta tor  s p o r t s  

02 P a r t i c i p a t i n g  s p o r t s  

06 Soc ia l  c lubs  and meeting p laces  



04 D i s t r i b u t i o n  and s e r v i c e  c e n t e r  

01  D i s t r i b u t i o n  c e n t e r  

0 1  R e t a i l  d i s t r i b u t i o n  c e n t e r  

01  Lumber, b u i l d i n g  m a t e r i a l s ,  hardware, fram equipment 

d e a l e r s  

01  Lumber yards ,  bu i ld ing  m a t e r i a l s  d e a l e r s  

02 Heating plumbing, e l e c t r i c a l  s t o r e s  

03 P a i n t ,  g l a s s ,  wal lpaper  s t o r e s  

04 Hardware s t o r e s  

05 Farm equipment d e a l e r s  

02 General merchandise group s t o r e s  

01  Department s t o r e s  

02 Limited p r i c e  v a r i e t y  s t o r e s  

03 Food S t o r e s  

01 Grocery s t o r e s ,  i nc lud ing  d e l i c a t e s s e n s  

02 Fieat markets  

03 F ish  (seafood) markets 

04 F r u i t  s t o r e s ,  vege tab le  markets 

05 Candy, n u t ,  confec t ionery  s t o r e s  

06 R e t a i l  bake r i e s  

04 Automotive d e a l e r s  

01 Passenger  c a r s  d e a l e r s ,  f r anch i sed  

02 Passenger c a r  d e a l e r s ,  non-franchised 

03 T i r e ,  b a t t e r y ,  accessory  d e a l e r s  

04 1Usc. a i r c r a f t ,  marine,  automotive 

05 Gasol ine s e r v i c e  s t a t i o n s  

06 Apparel,  accessory s t o r e s  



01 Xen's boy 's  c l o t h i n g  and fu rn i sh ings  

02 women's c l o t h i n g ,  s p e c i a l t y  s t o r e s  

03 Family c l o t h i n g  s t o r e s  

04 Shoe s t o r e s  

05 Ch i ld ren ' s  i n f a n t s '  wear s t o r e s  

07 F u r n i t u r e ,  home f u r n i s h i n g ,  equipment 

0 1  Fu rn i tu re ,  home fu rn i sh ings  s t o r e s  

02 Household app l i ance  s t o r e s  

03 Radio, t e l e v i s i o n  s t o r e s  

04 !iusic s t o r e s  

08 Drug s t o r e s ,  p r o p r i e t a r y  

01 Drug s t o r e s  

02 P r o p r i e t a r y  s t o r e s  

09 Other r e t a i l  s t o r e s  

01 l i q u o r  s t o r e s  

02 Book, s t a t i o n a r y  s t o r e s  

03 Spor t ing  goods s t o r e s ,  b i c y c l e  shops 

04 Hay, g r a i n ,  f eed  s t o r e s  

05 Farm, garden supply s t o r e s  

06 Jewelry s t o r e s  

07 Fuel ,  ice d e a l e r s  

08 F l o r i s t s  

09 Cigar s t o r e s ,  s t ands  

l o  News d e a l e r s ,  news s t ands  

11 Camera, photographic  supply s t o r e s  

1 2  G i f t ,  nove l ty ,  souvenior  shops 

13  Op t i ca l  goods s t o r e s  



14 Typewriter s t o r e s  

15 Luggage, l e a t h e r  goods s t o r e s  

Wholesale d i . s t r i bu t ion  c e n t e r  

0 1  Durable goods 

0 1  Pfotor v e h i c l e s ,  automotive equipment 

02 E l e c t r i c a l  goods 

03 Fu rn i tu re ,  home fu rn i sh ings  

04 IIardware, plumbing, hea t ing  equipment s u p p l i e s  

05 Lumber, c o n s t r u c t i o n  m a t e r i a l s  

06 tfachinery, equipment, s u p p l i e s  

07 i . letals,  meta l  work (except  s c r ap )  

08 Scrap, waste m a t e r i a l s  

09 Jewelry 

02 Non-durable goods 

01 Grocer ies  and r e l a t e d  products  

02 Beer, wine, d i s t i l l e d  a l c o h o l i c  beverages 

03 Drugs, chemicals ,  a l l i e d  products  

04 Tobacco, tobacco products  

05 Dry goods, a p p a r e l  

06 Paper ,  paper  products  (excluding wal lpaper)  

07 Farm products  (raw m a t e r i a l s )  

08 Other non-durable goods 

01 Serv ice  Center 

01 Personal  s e r v i c e s  

01 Laundries,  laundry s e r v i c e ,  c l ean ing ,  dyeing p l a n t s  

02 Beauty shops 

03 Barber shops 



04 Photo s t u d i o s ,  i n c l .  cornmerical photography 

05 Shoe r e p a i r ,  shoeshine,  h a t  c leaning  

06 Funeral s e r v i c e ,  crematories  

07 P res s ing ,  a l t e r a t i o n s ,  garment r e p a i r ,  f u r  r e p a i r ,  

s t o rage  

08 Miscellaneous bus ines s  s e r v i c e s  

0 1  Adver t i s ing  

02 Cred i t  bureaus,  c o l l e c t i o n  agencies  

03 Di rec t  mai l  a d v e r t i z i n g ,  dup l i ca t ion ,  copy, s teno .  

s e r v i c e s  

04 Serv ices  t o  dwel l ings ,  o the r  bldgs.  

05 News synd ica t e s  

06 P r i v a t e  employment agencies  

07 Research, development l a b o r a t o r i e s  

08 Tes t ing  l a b o r a t o r i e s  

09 Business,  mgt, consul t ing  s e r v i c e s  

10 Pub l i c  r e l a t i o n s  s e r v i c e s  

11 Detec t ive  agencies ,  p r o t e c t i v e  s e r v i c e s  

12 Armored c a r  s e r v i c e s  

13  Equipment r e n t a l  

1 4  Coin-operated machine, r e n t a l ,  r e p a i r  s e r v i c e  

15 Photof in ish ing  l a b o r a t o r i e s  

16 Trading stamp establ ishments  

1 7  I n t e r i o r  decora t ing  

18 S ign  p a i n t i n g  shops 

19 Auct ioneer 's  e s t a b .  ( s e w .  only)  



20 Telephone answering 

21 Window d i s p l a y  s e r v i c e s  

22 Water s o f t i n g  s e r v i c e s  

23 Other 

03 Auto r e p a i r ,  au to  s e r v i c e ,  garages 

01 Auto r e p a i r  shops 

02 Auto parking 

03 Auto t r u c k  r e n t a l s ,  without  d r i v e r s  

l e a s e  s e r v i c e  

04 Auto s e r v i c e s ,  except  r e p a i r  

04 'l.Iisc. r e p a i r  s e r v i c e s  

01  E l e c t r i c a l  r e p a i r  shops 

02 Watch, c lock ,  jewelry r e p a i r  

03 Re-upholstery , f u r n i t u r e  r e p a i r  

04 i f i sc .  r e p a i r  shops,  r e l a t e d  s e r v i c e s  

05 Idorship c e n t e r  

01 P r o t e s t a n t  

01 B a p t i s t  

02 Luthern 

03 l ie thodis  t 

04 P re sby te r i an  

05 Other P r o t e s t a n t  

02 Roman Cathol ic  

03 Jewish 

04 Other r e l i g i o n  

06 Work l o c a t i o n  

01 A g r i c u l t u r a l  product ion 



0 1  F i e l d  c r o p s  

02 F r u i t s ,  tree n u t s ,  and v e g e t a b l e s  

0 3  L i v e s t o c k  

04 Genera l  farms 

05 b l i sce l l aneous  a g r i c u l t u r e  

02 A g r i c u l t u r e  s e r v i c e s  and h u n t i n g  and t r a i n i n g  

0 1  A g r i c u l t u r a l  s e r v i c e s ,  e x c e p t  animal  husbandry and 

h o r t i c u l t u r a l  s e r v i c e s  

02 Animal husbandry s e r v i c e s  

03 H o r t i c u l t u r a l  s e r v i c e s  

04 Hunting and t r a p p i n g ,  and game p r o p a g a t i o n  

0 3  F o r e s t r y  

01 Timber t r a c t s  

02 F o r e s t  n u r s e r i e s  and t r e e  g a t h e r i n g  and e x t r a c t i n g  

03 Gather ing  o f  gums and b a r k s  

04 F o r e s t r y  s e r v i c e s  

05 Gather ing  of f o r e s t  p r o d u c t s ,  n o t  e l sewhere  c l a s s i f i e d  

04 F i s h e r i e s  

0 1  F i s h e r i e s ,  e x c e p t  f i s h  h a t c h e r i e s ,  f a rms ,  and p r e s e r v e s  

02 F i s h  h a t c h e r i e s ,  farms,  and p r e s e r v e s  

02 Mon-agr icu l tu ra l  

01 I l in ing 

01 : I e ta l  mining 

02 A n t h r a c i t e  mining 

03 Bituminous c o a l  and l i g n i t e  mining 

04 Crude pe t ro leum and n a t u r a l  g a s  

05 IIinine, and q u a r r y i n g  of non-metal l ic  m i n e r a l s  excep t  



f u e l s  

02 Cont rac t  c o n s t r u c t i o n  

01  Building cons t ruc t ion  - gene ra l  c o n t r a c t o r s  

02 Cons t ruc t ion  o t h e r  than bu i ld ing  cons t ruc t ion-  

g e n e r a l  c o n t r a c t o r s  

03 Cons t ruc t ion  - s p e c i a l  t r a d e  c o n t r a c t o r s  

03 fknu facu t r ing  

0 1  Durable Goods 

0 1  Ordnance and a c c e s s o r i e s  

02 Lumber and wood products ,  except  f u r n i t u r e  

0 1  Logging camps and logging c o n t r a c t o r s  

02 Sawmills and planning m i l l s  

03 If i l lwork,  veneer ,  plywood, and p r e f a b r i c a t e d  

s t r u c t u r a l  wood products  

04 Wooden con ta ine r s  

05 Nisc.  wood products  

03 F u r n i t u r e  and f i x t u r e s  

01  Household f u r n i t u r e  

02 Of f i ce  f u r n i t u r e  

03 P u b l i c  bu i ld ing  and r e l a t e d  f u r n i t u r e  

04 P a r t i t i o n s ,  she lv ing ,  l o c k e r s ,  and o f f i c e  s t o r e  

f i x t u r e s  

05 Misc. f u r n i t u r e  and f i x t u r e s  

04 Stone,  c l a y ,  and g l a s s  products  

01  P l a t  g l a s s  

02 Glass  and glassware,  p ressed  o r  bloisn 

03 Glass  products ,  made o r  purchased g l a s s  



04 Cement, hyd rau l i c  

05 S t r u c t u r a l  c l ay  products  

06 P o t t e r y  and r e l a t e d  products  

07 Concrete ,  gypsum, and p l a s t e r  products  

08 Cutstone and s t o n e  products  

09 Abrasive,  a sbes to s ,  and miscel laneous non-metal l ic  

mine ra l  products  

05 Primary me ta l  i n d u s t r i e s  

01  B l a s t  fu rnace ,  s t e e l w o r k s ,  and r o l l i n g  and f i n i s h i n g  

m i l l s  

02 I r o n  and s t e e l  foundr i e s  

03 Primary smel t ing  and r e f i n i n g  of non-ferrous me ta l s  

04 Secondary smel t ing  and r e f i n i n g  of non-ferrous metals 

05 Rol l ing ,  drawing, and ex t rud ing  of non-ferrous 

meta l s  

06 Non-ferrous foundr ies  

07 >Iiscel laneous primary me ta l  products  

06 Fabr ica ted  me ta l  products  except  ordinance,  machinery, 

and t r a n s p o r t a t i o n  equipment 

01 Metal cans 

02 Cut le ry ,  hand t o o l s ,  and hardware 

03 Plumbing and h e a t i n g ,  except  e l e c t r i c  

04 Fabr ica ted  s t r u c t u r a l  me ta l  products  

05 Screw mathine products ,  b o l t s ,  e k c  

06 Metal stamping 

07 Coating, engraving,  and a l l i e d  s e r v i c e s  



08 Miscellaneous f a b r i c a t e d  w i r e  products  

09 Miscellaneous f a b r i c a t e d  meta l  p roducts  

07 iiachinery, except  e l e c t r i c a l  

01  Engines and t u r b i n e s  

02 Farm machinery and equipment 

03 Cons t ruc t ion ,  mining, and m a t e r i a l  handl ing mach- 

i n e r y  and equipment 

04 Xe ta l  working machinery and equipment 

05 Spec i a l  i n d u s t r i a l  machinery, except metal-working 

machinery 

06 General i n d u s t r i a l  machinery and equipment 

07 Of f i ce ,  computing, and account ing machines 

08 Serv ice  i ndus t ry  machines 

09 Misc. machinery, except  e l e c t r i c a l  

08 E l e c t r i c a l ,  machinery, equipment and supp l i e s .  

01 E l e c t r i c  t ransmiss ion  and d i s t r i b u t i o n  equipment 

02 E l e c t r i c a l  i n d u s t r i a l  appara tus  

03 Household, app l i ances  

04 E l e c t r i c  l i g h t i n g  and wir ing equipment 

05 Radio and TV r ece iv ing  sets, except  comrno. types .  

06 Communication equipment 

07 E l e c t r o n i c  components and a s s e s s o r i e s  

08 1.fisc. e l e c t r i c a l  machinery, equipment, and 

suppPies 



09 T r a n s p o r t a t i o n  equipment 

01 Elotor v e h i c l e s  and motor v e h i c l e  equipment 

02 A i r c r a f t  and p a r t s  

03 Ship  and b o a t  b u i l d i n g  and r e p a i r i n g  

04 R a i l r o a d  equipment 

05 )lo t o r c y c l e s  , b i c y c l e s ,  and p a r t s  

06 Pl iscel laneous  t r a n s p o r t a t i o n  equipment 

1 0  P r o f e s s i o n a l ,  s c i e n t i f i c ,  and c o n t r o l l i n g  i n s t r u m e n t s ;  

pho tograph ic  and o p t i c a l  goods;  watches  and c l o c k s  

0 1  Engineer ing ,  l a b o r a t o r y ,  and s c i e n t i f i c  and r e s e a r c h  

i n s t r u m e n t s  and a s s o c i a t e d  equipment 

02 Ins t ruments  f o r  measur ing,  c o n t r o l l i n g ,  and i n d i -  

c a t i n g  p h y s i c a l  c h a r a c t e r i s t i c s  

03 O p t i c a l  i n s t r u m e n t s  and l e n s e s  

04 S u r g i c a l ,  medica l ,  and d e n t a l  i n s t r u m e n t s  and 

s u p p l i e s  

05 Ophtalmic goods 

06 Photograph ic  equipment and s u p p l i e s  

07 IJatches,  c l o c k s ,  clockwork o p e r a t e d  d e v i c e s ,  and 

p a r t s  

11 Misc. manufactur ing i n d u s t r i e s  

0 1  Jewel ry ,  s i l v e r w a r e ,  and p l a t e d  ware 

02 Toys, amusements, s p o r t i n g  and a t h l e t i c  goods 

03 Pens ,  p e n c i l s ,  and o t h e r  o f f i c e  and a r t i s t i c  m a t e r i a l s  

04 Costume jewel ry ,  costume n o v e l t i e s ,  b u t t o n s ,  and 

m i s c e l l a n e o u s  n o t i o n s ,  excep t  p r e c i o u s  metal 

05 Misce l l aneous  manufac tu r ing  i n d u s t r i e s  



0 2  :Jon-durable goods 

01 Food and k i n d r e d  p r o d u c t s  

0 1  i iea t  p r o d u c t s  

02 3 a i r y  p r o d u c t s  

03 Canned and p r e s e r v e d  f r u i t s ,  v e g e t a b l e s  and sea food 

04 Gra in  m i l l  p r o d u c t s  

05 Bakery p r o d u c t s  

06 Sugar 

07 Confec t ionery  and r e l a t e d  p r o d u c t s  

08 Beverages 

09 f I i s c e l l a n e o u s  food p r e p a r a t i o n s  and k i n d r e d  p r o d u c t s  

02 Tobacco manufacturs  

0 1  Cigarc  t t e s  

02 Cigars  

03 T e x t i l e  m i l l  p r o d u c t s  

0 1  Broad woven f a b r i c  m i l l s ,  c o t t o n  

02 Broad woven f a b r i c ,  man-made f a b r i c  and s i l k  

03  Broad woven f a b r i c  m i l l s ,  wool: 

i n c l  dyeing and f i n i s h i n g  

04 Xarrow f a b r i c  and o t h e r  s m a l l  wares m i l l s :  Co t ton ,  

wool, s i l k ,  and man-made f i b e r  

05 h i t t i n g  m i l l s  

06 Dyeing and f i n i s h i n g  t e x t i l e s ,  excep t  wool f a b r i c s  

and  k n i t  goods 

07 F loor  c o v e r i n g  m i l l s  

08 Yarn and t h r e a d  m i l l s  

09 ; l i s c e l l a n e o u s  t e x t i l e  goods 



04 Apparel  and o t h e r  f i n i s h e d  p r o d u c t s  made from f a b r i c s  

and s i m i l a r  m a t e r i a l s  

01 :fen's ,  y o u t h s ' ,  and boys1 s u i t s ,  c o a t s ,  and o v e r c o a t s  

02 ? Ienfs ,  y o u t h s ;  and boys1 f u r n i s h i n g s  work c l o t h i n g  

and a l l i e d  garments  

03 Women' s ,  m i s s e s  ' , and j u n i o r s  ' outerwear  

04 Iv'omen's, misses', c h i l d r e n ' s  and i n f a n t s '  under- 

garments 

05 I l a t s ,  c a p s ,  and m i l l i n e r y  

06 G i r l s ,  c h i l d r e n ' s  and i n f a n t s '  o u t e m e a r  

07 ? l i sce l l aneous  a p p a r e l  and a c c e s s o r i e s  

08 l ~ l i s c e l l a n e o u s  f a b r i c a t e d  t e x t i l e  p r o d u c t s  

05 Paper  and a l l i e d  p r o d u c t s  

01 P u l p  m i l l s  

02 Paper  m i l l s ,  e x c e p t  b u i l d i n g  paper  m i l l s  

03 Paperboard m i l l s  

04 Converted p a p e r  and paper  board p r o d u c t s ,  excep t  

c o n t a i n e r s  and boxes 

05 Paperboard c o n t a i n e r s  and boxes 

06 Bui ld ing  paper  and b u i l d i n g  board m i l l s  

06 P r i n t i n g ,  p u b l i s h i n g ,  and a l l i e d  i n d u s t r i e s  

0 1  1;ewspapers : P u b l i s h i n g ,  pub l i s t l ing  and p r i n t i n g  

02 P e r i o d i c a l s  : P u b l i s h i n g ,  p u b l i s h i n g  and p r i n t i n g  

03  Books 

04 :liscePEaneous p r u b l i s h i n g  

05 Commercial p r i n t i n g  

06 l l a n i f s l d  b u s i n e s s  forms 



07 Greet ing  ca rd  publ i sh ing  

08 Rlank books, l o o s e  l e a f  b inde r s ,  and book binding and 

r e l a t e d  work 

09 Serv ice  i n d u s t r i e s  f o r  t h e  p r i n t i n g  t r a d e  

07 Chemicals and a l l i e d  products  

01  I n d u s t r i a l  inorganic  and organic  cl lenicals  

02 P l a s t i c s  m a t e r i a l s  and s y n t h e t i c  r e s i n s ,  s y n t h e t i c  

rubber ,  s y n t h e t i c  and o t h e r  man-made f i b e r s ,  except  

g l a s s  

03  Drugs 

04 Soap, de t e rgen t s ,  and c l e a ~ ~ i n g  p repa ra t ions ,  perfumes, 

cosmetics ,  and, o t h e r  t o i l e t  p repa ra t ions  

05 P a i n t s ,  va rn i shes ,  l acque r s ,  enamels, and a l l i e d  

products  

06 A g r i c u l t u r a l  chemicals 

07 ? i i sce l laneous  chemical products  

08 Petroleum r e f i n i n g  and r e l a t e d  i n d u s t r i e s  

01  Petroleum r e f i n i n g  

02 Paving and roo f ing  materials 

03 IZiscellaneous products  of petroleum and c o a l  

09 Rubber and miscel laneous p l a s t i c s  products  

01  T i r e s  and inne r  tubes 

02 KuSier footwear 

03 Reclaimed rubber  

04 Fabr ica ted  rubber  products ,  n o t  elsewhere c l a s s i f i e d  

05 ~ l i s c e l l a n e o u s  p l a s t i c s  products  

10 Lea ther  and l e a t h e r  products  



02 Industrial leather belting and packing 

03 Boot and shoe cut stock and findings 

04 Footwear, except rubber 

05 Leather gloves and mittens 

06 Luggage 

07 Handbags and other personal leather goods 

08 Leather goods, not else~ihere classified 

04 Transportation, communication, electric, gas, and sanitrary 

services. 

01 Railroad transportation 

02 Local and suburban transit and interurban passenger trans. 

03 plotor freight transportation and warehousing 

04 Water transportation 

05 Transportation by air 

06 pipeline transportation 

07 Transportation services 

08 Conlrnunication 

01 Telephone communication (wire and radio) 

02 Telegraph communication (wire and radio) 

03 Radio broadcasting and television 

04 Communication services, not elsewhere classified 

09 Electric, gas, and sanitary services 

01 Electric companies and systems 

02 Gas companies and systems 

03 Combination companies and systems 

04 Water supply 

05 Sanitary services 



06 Steam supply 

07 I r r i g a t i o n  systems 

05 Wholesale and retai l  t r a d e  

0 1  Wholesale t r a d e  

01  Ilo t o r  v e h i c l e s  and automotive equipment 

02 Drugs, chemicals,  and a l l i e d  products  

03 P iece  goods, no t ions ,  appa re l  

04 Groceries  and r e l a t e d  products  

05 Farm product - Raw Mate r i a l s  

06 E l e c t r i c a l  goods 

07 Hardward and plumbing and hea t ing  equipment and s u p p l i e s  

08 liachinery , equipment, and s u p p l i e s  

09 l f i sce l laneous  wholesa le rs  

02 R e t a i l  t r a d e  

01  Building materials, hardward, and farm equipment d e a l e r s  

02 R e t a i l  t rade-general  merchandise 

03  Food s t o r e s  

04 Automotive d e a l e r s  and g a s o l i n e  s e r v i c e  s t a t i o n s  

05 Apparel and a s ses so ry  s t o r e s  

06 Furn i tu re ,  home fu rn i sh ings  and equipment s t o r e s  

07 Eat ing  and dr inking  p l aces  

08 ~.Ziscel laneous r e  t a i l  s t o r e s  

06 Finance, insurance ,  and r e a l  e s t a t e  

0 1  Eanking 

02 Cred i t  agencies  o t h e r  than banks 

03 Secur i ty ,  commodity brokers ,  d e a l e r s ,  exchanges and s e r v i c e s  

04 Insurance c a r r i e r s  



05 Cafes  

06 C a f e t e r i a s  

07 Carry-out r e s t a u r a n t s - r e t a i l  

08 Ca te re r s  

09 Commissary r e s t a u r a n t s  

10 Dairy b a r s  - r e t a i l  

11 Diners  (lunch s t ands )  

12 Drive i n  r e s t a u r a n t s  

13  Frozen c u s t a r d  s t a n d s  

14 G r i l l s  ( e a t ing  p laces)  

15 Hot dog ( f r a n k f u r t e r )  s t a n d s  

16 I c e  cream s t ands  

17 Lunch b a r s  

18 Lunch counters  

19 Lunch rooms 

20 Luncheonettes 

21 Oyster  b a r s  

22 P i z z e r i a  

23 Refreshment s t a n d s  

24 Res taurants  

25 Sandwich b a r s  o r  shops- r e g a i l  

26 Soda foun ta ins  

27 S o f t  d r i n k  s t a n d s - r e t a i l  

28 Tea rooms 

08 School 

0 1  Kindergarten 

0 1  Pub l i c  



02 Non-public 

02 Grades 1 t o  8 

01  Pub l i c  

02 Non-public 

03 Res iden t i a l  schools  f o r  except iona l  c h i l d r e n  

04 Federa l  schools  f o r  Indians  

05 Federa l  schools  on f e d e r a l  i n s t a l a t i o n s  

03 Grades 9 t o  12 

0 1  Pub l i c  high schools  

02 Non-public high schools  

03  P.esidentia1 sctlools f o r  execpt iona l  c h i l d r e n  

04 Pedera l  schools  f o r  Indians  

05 Pedera l  schools  on f e d e r a l  i n s t a l l a t i o n s  

04 Higher educat ion 

01  Pub l i c ly  c o n t r o l l e d  

02 P r i v a t e l y  c o n t r o l l e d  

09 Transpor t a t ion  te rmina ls  

01  Ground t r a n s p o r t a t i o n  te rmina l  

01  Whelled v e h i c l e  te rmina l  

01  Automobile 

02 Eus 

02 Track v e h i c l e  te rmina l  

01  Rai lroad s t a t i o n  

02 Mono-rail s t a t i o n  

02 Ai rpo r t  

03 Harbor 



OBJECT TO BE TRAITSPORTED 

20 Objec t  t o  be t r a n s p o r t e d  

01 Live Cargo 

0 1  Animal 

0 1  Human 

01 Elale 

0 1  Adul t  

0 2  Chi ld  

02 Non-human 

02 P l a n t  

02 Goods 



30 Conveyance 

0 1  Landcraf t  

0 1  "Free" conveyance 

0 1  Wheeled 

0 1  Automobile 

02 Saloon/sedan 

01  2-door 

02 4-door 

03 4 + 1 door 

03 Copue' 

01  2-door 

02 &door 

04 Spider  

05 Roadster 

06 c o n v e r t i b l e  

0 1  no doors  

02 2-door 

03 4-door 

07 E s t a t e  c a r / s t a t i o n  wagon 

0 1  no door 

02 2 +- 1 door 

03  4 + 1 door 

08 Open 

01 No doors  

02 2-door 

03 2 + 1 door 



04 2 4- 2 door 

05 4 - Door 

09 Hard top 

01  2-door 

02 2-door 

1 0  Limousine 

02 Bus 

0 1  Inter-urban 

02 Intra-urban 

03 Tro l l ey  

04 Truck 

01  Pane l  

0 1  Light  

02 Pledium 

03 Light-heavy 

04 Heavy-heavy 

02 Pickup 

03 1.lult istop 

01  Light  

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

04 Platform t r u c k  

01 Sing le  u n i t  

01 Ligh t  



04 Weaary-heavy 

02 Combination 

0 1  Light  

02 :tedium 

03  Light-heavy 

04 Heavy-heavy 

05 C a t t l e  r ack  

01  S i n g l e  u n i t  

01  Light  

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

02 Combination 

0 1  Light  

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

06 Van 

0 1  Open top  van 

0 1  S ing le  u n i t  

01 L igh t  

02 Medium 

03 Light-heavy 

04 Eleavy-heavy 

02  Combination 

01 Light  

02 Medium 



03 Light-heavy 

04 Heavy-heavy 

03 Closed t o p  van 

01 S ing le  u n i t  

01  l i g h t  

02 Nedium 

03 Light-heavy 

04 Heavy-heavy 

02 Combination 

01 Ligh t  

02 lfedium 

03 Light-heavy 

04 Heavy-heavy 

04 Ref r ige ra t ed  van 

01  S i n g l e  u n i t  

01  Ligh t  

02 Pfedium 

03 Light-heavy 

04 Heavy-heavy 

02 Combination 

01  L igh t  

02 i4edium 

03 Light-heavy 

04 Heavy-heavy 

07 Low bed 

01 Single  u n i t  

01 Light  



02 Pledium 

03 Light-heavy 

04 Heavy-heavy 

02 Combination 

01  Light  

02 i4ediurn 

03 Light-heavy 

04 Heavy-heavy 

08 Depressed c e n t e r  

01  Light  

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

09 Wench 

01  Light  

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

10  Wrecker 

01. L ight  

02 Piedium 

03 Light-heavy 

04 Iieavy-heavy 

1.1 Po le  and logging 

01 L i g h t  

02 Medium 

03 Light-heavy 

04 Heavy-heavy 



12 Auto transport 

O l  Light 

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

1 3  Dump 

01 Single u n i t  

01 Light 

02 Iledium 

03 Light-heavy 

04 Heavy-heavy 

02 Combination 

01 Light 

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

1 4  Tank 

01 Single u n i t  

01 L igh t  

02 Piedium 

03 Light-heavy 

04 Heavy-heavy 

02 Combination 

01 Light 

02 I l e d i m  

03 Light-heavy 

04 Heavy-heavy 



15 Cement mixer 

01 Single unit 

01 Light 

02 Medium 

03 Light-heavy 

04 Heavy-heavy 

02 Combination 

01 Light 

02 i4edium 

03 Light-heavy 

04 Heavy-heavy 

16 Other 

01 Single unit 

02 Combination 

05 Other 

02 Tracked 

03 Other 

02 "Guided" conveyance 

01 Eailway train 

01 Surface 

02 Sub-surface 

03 Elevated 

02 Other "~uided" conveyances 

02 Watercraft 

03 Aircraft 



CONVEYANCE CONTROLLER 

40 Conveyance controller 

01 Human being 

01 1-hle 

01 Adult 

02 Child 

02 Female 

01 Adult 

02 Child 

02 Electronic or mechanical device 

01 Organic to conveyance 

02 External to conveyance 



THE WAY -- 
50 The way 

01 The way l i n k s  

0 1  Landways 

0 1  "Free conveyance" ways 

01  Roadways 

01  D i r t  

02 Surfaced 

01  S ingle- lane  roadway 

0 1  A t  g rade  

0 1  Free  access  

02 Cont ro l led  access  

02 Elevated 

0 1  Viaduct 

0 2  Bridge 

03  Depressed 

0 1  Tunnel 

02 Underpass 

02 2-lane roadway 

01  A t  g rade  

01  Free acces s  

02 Cont ro l led  access  

02 Elevated 

01 Viaduct 

02 Br idge  

03 Depressed 



0 1  Tunnel 

02 Underpass 

04 4- lane und iv ided  roadway 

0 1  A t g r a d e  

0 1  F r e e  a c c e s s  

02 C o n t r o l l e d  a c c e s s  

02 E l e v a t e d  

0 1  Viaduct  

02 Bridge 

0 3  Depressed 

0 1  Tunnel 

02  Underpass 

05 Divided roadway 

0 1  At g r a d e  

0 1  F r e e  a c c e s s  

02 C o n t r o l l e d  a c c e s s  

02 E l e v a t e d  

0 1  Viaduct  

02 Bridge 

0 3  Depressed 

0 1  Tunnel 

02 Underpass 

02 Other  "F.C." ways 

02 "Conveyance gu id ing"  ways 

0 1  R a i l r o a d  t r a c k s  

02 Tubes 

03 Conveyors 



REGULATING SPSTEX 

60 Regulating system 

01 Laws 

01 Laws governing land transportation 

01 Laws governing transportation on ''~ree conveyance" 

ways 

01 Laws governing roadway transportation 

01 Traffic laws 

02 Manufacturing standards, licensing laws, etc. 

03 Other laws governing roadway transportation 

02 Laws governing transportation on "conveyance 

guiding" ways 

02 Laws governing air transportation 

03 Laws governing water transportation 

02 Enforcement element 

01 Federal 

02 State 

03 County 

04 Local 

03 "Information" communications to conveyance controller 

01 Visual 

01 Signs 

02 Signals 

02 Audio 

01 Radio 

02 Direct (horns, bells, etc.) 



03 P h y s i c a l  

01 B a r r i c a d e  

02 Other 



DESTINATION 

70 Destination 

(decomposition is the same as for origin) 




